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Description

[0001] This invention relates to the use of block copolymers to modify properties such as fracture toughness of ther-
moset resin compositions, particularly multifunctional highly cross-linked resin compositions. The invention is of particular
utility in epoxy resin compositions. The invention also relates to the use of such thermoset resin compositions in fibre-
reinforced composite materials and to structural parts made from such composite materials.

[0002] Thermoset materials such as cured epoxy resins have been known for their thermal and chemical resistance.
They also display good mechanical properties but they frequently lack toughness and tend to be very brittle. This is
especially true as their crosslink density increases or the monomer functionality increases above two. Attempts have
been made to strengthen or toughen epoxy resins and other thermoset materials such as bismaleimide resins, benzox-
azine resins, cyanate ester resins, epoxy vinyl ester resins and unsaturated polyester resins, and also blends of these,
by incorporating therein a variety of elastomeric materials.

[0003] WO 2007/009 957 A1 discloses epoxy resins toughened with a block copolymer and/or a copolymer core shell
particle, where the block copolymer has at least one methyl methacrylate block. The shell of the core-shell polymer
particles may be made of polystyrene or polymethyl methacrylate.

[0004] Fibre-reinforced epoxy resins having improved tackiness, drapability and windability have been described in
US patent 6,046,257 where a thermoplastic elastomer based on polyesters or polyamides is added to an epoxy resin.
[0005] WO-2006/077153-A discloses thermoset resins comprising an impact modifier selected from diblock or triblock
copolymers comprising blocks of methyl methacrylate homopolymers or copolymers, and elastomeric blocks having a
glass transition temperature of less than 0 °C derived from diene polymers such as polybutadiene, polyisoprene, and
hydrogenation products thereof.

[0006] Document entitled "Morphology and thermomechanical properties of epoxy thermosets modified with polysul-
fone-block-polydimethylsiloxane multiblock copolymer”, by Di Hu et al., Journal of Applied Polymer Science, 5 March
2011 pages 2933-2944 describes a multiblock copolymer derived from an hydroxy-terminated polysulfone and an amino-
terminated polydimethylsiloxane, which is used to compatibilise the polydimethylsiloxane into the epoxy thermoset and
obtain nanoparticles of PDMS dispersed in the epoxidic matrix.

[0007] Document entitled "Synthesis of cyclohexene ring containing semi-crystalline poly(arylene ether sulfones)
(PAES)" by Bin Zhang et al., Polymer Preprints, 1 January 2010, pages 217-218-, describes a block copolymer, which
contains polyarylsulphones units bonded through ether links and a polyester segment derived from a trans-1,4-cyclohex-
ane dicarboxylic acid. 1

[0008] A disadvantage of prior art block copolymer toughening agents can be a reduction in the glass transition
temperature of the resin composition, which can lead to a decrease in the service temperature of the modified and cured
thermoset resin. The service temperature of material is directly correlated to the glass transition temperature of the
material. It is described as the highest temperature at which a material can be used without any failure over an extended
time period time (typically at least 5000 hours). The "failure" of the material is typically understood as the situation where
a property value drops to 50% of its initial value (ASTM-D794). High service temperatures (for instance, around 150 to
160°C) are required for use in aerospace or high-performance automotive applications, in which a component is required
to retain shape and performance at elevated temperatures.

[0009] A further disadvantage prior art block copolymer toughening agents can be a reduction in the modulus of the
resin.

[0010] For certain applications, the toughened resin must also exhibit good solvent resistance.

[0011] It is an object of the present invention to provide modifying agents suitable for improving the toughness of
thermoset resins (particularly highly cross-linked resins) which avoid or minimise reduction in the glass transition tem-
perature (Tg) and/or the modulus of the resin.

[0012] It is a further object to provide modifying agents suitable for improving the toughness of thermoset resins
(particularly highly cross-linked resins) which avoid or minimise reduction in the Tg and/or the modulus of the resin,
wherein the thermoset resin exhibits good solvent resistance.

[0013] It is a further object to provide modifying agents suitable for improving the toughness of thermoset resins
(particularly highly cross-linked resins) at relatively lower concentrations of toughening agent.

[0014] It is a further object to provide modifying agents suitable for improving the nano-structuration of thermoset
resins (particularly highly cross-linked resins).

[0015] Itis a further object to provide modifying agents for thermoset resin systems (particularly highly cross-linked
resins) which exhibit good tack properties during the preparation of composite materials made therefrom.

[0016] It is a further object of this invention to provide a highly cross-linked, toughened thermoset resin composition
without significant reduction of Tg and/or modulus, preferably wherein the resin exhibits good solvent resistance, and
preferably wherein the resin exhibits improved tack properties and/or nano-structuration.

[0017] The avoiding or minimising of a reduction in the Tg is a particularly important aspect of these objectives.
[0018] A curable polymer composition comprising a block copolymer (M) suitable for toughening a thermoset resin
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(R), one or more uncured thermoset resin precursor(s) (P) of said thermoset resin (R), and optionally a curing agent
therefor, said block copolymer (M) having at least one block derived from a thermoplastic aromatic polymer (A) wherein
an aromatic radical lies within the polymer backbone of the thermoplastic aromatic polymer (A) and wherein the ther-
moplastic aromatic polymer (A) exhibits a glass transition temperature (Tg) of at least 150 °C, and at least one block
derived from a low Tg polymer (B) wherein: (i) the low Tg polymer (B) exhibits a Tg in the range of from -130 °C to +40
°C, (ii) the aromatic polymer (A) is soluble in the uncured thermoset resin precursor(s) (P) of said thermoset resin (R),
i) the low Tg polymer (B) is insoluble in the uncured thermoset resin precursor (P), and wherein the aromatic polymer
(A) comprises one or more polyarylsulphone(s) comprising ether-linked repeating units, optionally further comprising
thioether-linked repeating units, the units being selected from: -[ArS0,Ar],, - and optionally from: -[Ar], - wherein: Ar is
phenylene; n = 1 to 2 and can be fractional; a = 1 to 3 and can be fractional and when a exceeds 1, said phenylene
groups are linked linearly through a single chemical bond or a divalent group other than -S0,-, or are fused together,
provided that the repeating unit -[ArS0,Ar],- is always present in the polyarylsulphone in such a proportion that on
average at least two of said - [ArS0,Ar], - units are in sequence in each polymer chain present, wherein the polyarylsul-
phone has one or more reactive pendant and/or end group(s) selected from OH and NH,; and wherein the aromatic
polymer (A) is a polymer wherein the mass fraction of the aromatic diradicals that are linked together by the said linking
groups in the polymer is at least 51%; and further wherein the low Tg polymer (B) is selected from saturated aliphatic
polyesters derived from at least divalent linear, branched or cyclic aliphatic alcohols having from 2 to 60 carbon atoms,
and at least divalent linear, branched or cyclic aliphatic carboxylic acids having from 3 to 60 carbon atoms, with the
proviso that at least one of the alcohol or the acid components has at least 4 carbon atoms and if the saturated aliphatic
polyester is derived from more than one alcohol and/or more than one acid, the average number of carbon atoms in the
alcohol or acid component is at least 4.

[0019] As used herein, a "curable polymer composition" refers to a composition prior to curing and a "thermoset resin
composition" refers to a post-cured composition.

[0020] As used herein, the term "soluble" means that a first polymer A forms a mixture with a second polymer B wherein
the mixture exhibits the same or substantially the same values of physical properties throughout the mixture, i.e. the
mixture comprises an essentially single phase and/or is essentially homogeneous. Conveniently, solubility can be as-
sessed by light scattering. For a polymer A which is soluble in polymer B, the addition of polymer A to polymer B results
in essentially no change in light scattering. An essentially single phase mixture is characterised by high optical clarity.
The boundary between an essentially single phase mixture and a mixture with two (or more) phases is defined by the
"cloud point" which, for a given polymer blend, is defined as the temperature at which phase separation is observed.
Optical clarity may be assessed on the macro-scale by eye.

[0021] The block copolymers of the present invention promote a morphology in the cured thermoset resins which
resists fracture and imparts toughness. The block copolymers contain one type of block which is essentially soluble in
the thermoset resin or precursor, and one type of block which is essentially insoluble in the thermoset resin or precursor.
In a blend with the epoxy precursors, self-assembling block copolymers for thermoset nano-structuration of epoxy resin
can dissolve or self-assemble. The epoxy-soluble segment promotes the dissolution of the block copolymer molecules
while the epoxy-insoluble segment forces the block copolymer molecules out of solution and to self-assemble or organise
at the nano-scale. The degree of organisation in ordered and disordered nano-structures depends on the nature of the
block copolymer and its concentration. At low content, the block copolymers may exhibit a micellar arrangement in the
resin. It is believed that the soluble block allows the toughening agent to dissolve during the resin preparation and to
remain nano-organised in the thermoset resin effectively up to the gel-point temperature and throughout the cure cycle.
The block copolymer molecules may be soluble in the resin precursor and only nano-organised upon the resin curing,
prior to the gel point (i.e. reaction-induced micro-phase separation). Thus, the resin morphology is substantially driven
by the block copolymer self-assembly, thereby reducing or eliminating the dependence on cure kinetics to induce a two-
phase morphology. Gross (macroscopic) phase-separation is avoided. The self-assembly of the block copolymers of
the present invention promotes the desired morphology and leads to the nano-structuration of the cured thermoset resin
which in turn increases the fracture toughness. Thus, in the present invention, the insoluble domains or structures in the
cured thermoset resin are desirably on the nano-scale (i.e. less than 1 um, and preferably no more than 100 nm).
[0022] The block copolymer of the presentinvention utilises the solubility of the aromatic polymer block (A) in thermoset
resins to enable the use of low Tg polymers as toughening agents in thermoset resins while avoiding or minimising
reduction in Tg and/or modulus of the resin, in systems where the insolubility of the low Tg polymer in the thermoset
resin had previously rendered such polymers unusable or inaccessible as toughening agents.

[0023] The block copolymers of the present invention toughen the thermoset resin while avoiding or minimising re-
duction in the Tg and/or modulus of the resin (relative to that of the neat resin). The retention of Tg means that the
toughened thermoset resins of the present invention retain a high service temperature. In addition, the amount of tough-
ening agent needed to impart a given toughness to the thermoset material is lower than for other thermoplastic toughening
agents, including conventional high-performance thermoplastic tougheners.

[0024] In addition, the thermoset resin systems or curable polymer compositions comprising the block copolymers of
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the present invention exhibit advantageously improved tack properties.

The thermoplastic aromatic polymer block (A)

[0025] The aromatic polymer (A) has a relatively high Tg, which is one factor in the retention of the Tg of the cured
thermoset resin. Thus, the Tg of the aromatic polymer (A) is at least 150°C, preferably at least 160°C, preferably at least
170°C, preferably at least 180°C, and in one embodiment at least 190°C.

[0026] The aromatic polymer (A) comprises one or more polyarylsulphone(s) comprising ether-linked repeating units,
optionally further comprising thioether-linked repeating units, the units being selected from: -[ArS0,Ar],- and optionally
from: -[Ar],- wherein: Ar is phenylene; n = 1 to 2 and can be fractional; a = 1 to 3 and can be fractional and when a
exceeds 1, said phenylene groups are linked linearly through a single chemical bond or a divalent group other than
-S0,-, or are fused together, provided that the repeating unit -[ArS0,Ar] - is always present in the polyarylsulphone in
such a proportion that on average at least two of said - [ArS0,Ar],- units are in sequence in each polymer chain present,
wherein the polyarylsulphone has one or more reactive pendant and/or end group(s) selected from OH and NH,; It will
be appreciated that an essential feature of the thermoplastic aromatic polymer (A) is the requirement that an aromatic
radical lies within, rather than pendant to, the polymer backbone. Aromatic radicals which are pendant to the polymer
backbone may optionally also be present in the thermoplastic aromatic polymer (A).

[0027] The aromatic radicals in the polymer backbone are at least divalent, and are typically divalent. As used herein,
the term "aromatic polymer" is a polymer wherein the mass fraction of aromatic diradicals that are linked together by
the said linking groups in the polymer is at least 51 %, preferably at least 60 %.

[0028] Preferred aromatic polymers (A) are polyether sulphones, for instance poly-1,4-phenylene-oxy-1,4-phenylene-
sulphone; the polyether sulphone made from bisphenol A and dichlorodiphenyl sulphone; and poly-bis(1,4-phe-
nylene)-oxy-1,4-phenylene-sulphone.

[0029] The thermoplastic aromatic polymer (A) comprises one or more polyarylsulphone(s) comprising ether-linked
repeating units, optionally further comprising thioether-linked repeating units, the units being selected from:

-[ArSO,Ar], -
and optionally from:

[Ar-
wherein:

Ar is phenylene;

n =1 to 2 and can be fractional;

a =1 to 3 and can be fractional and when a exceeds 1, said phenylene groups are linked linearly through a single
chemical bond or a divalent group other than -SO,- (preferably wherein the divalent group is a group -C(R9),-
wherein each R? may be the same or different and selected from H and C4_g alkyl (particularly methyl)), or are fused
together, provided that the repeating unit -[ArSO,Ar],,- is always present in the polyarylsulphone in such a proportion
that on average at least two of said -[ArSO,Ar],- units are in sequence in each polymer chain present,

and wherein the polyarylsulphone has one or more reactive pendant and/or end group(s) selected from OH and NH,,.

[0030] By "fractional” reference is made to the average value for a given polymer chain containing units having various
values of n or a.

[0031] In one embodiment, the phenylene groups in the polyarylsulphones are linked through a single bond.

[0032] The phenylene groups in the polyarylsulphones may be substituted by one or more substituent groups, each
independently selected from C,_g branched or straight chain aliphatic saturated or unsaturated aliphatic groups or moieties
optionally comprising one or more heteroatoms selected from O, S, N, or halo (for example Cl or F); and/or groups
providing active hydrogen especially OH, NH,, NHR?2 or -SH, where R?@ is a hydrocarbon group containing up to eight
carbon atoms, or providing other cross-linking activity especially benzoxazine, epoxy, (meth)acrylate, cyanate, isocy-
anate, acetylene or ethylene, as in vinyl, allyl or maleimide, anhydride, oxazoline and monomers containing unsaturation.
[0033] Preferably, the phenylene groups are meta- or para- (preferably para). A mixture of conformations (particularly
meta- and para- conformations) may be present along the polymer backbone.

[0034] Preferably the polyarylsulphone comprises a combination of -[ArSO,Ar],- and -[Ar],- repeating units, linked by
ether and/or thio-ether linkages, preferably by ether linkages. Thus, preferably the polyarylsulphone comprises a com-
bination of polyethersulphone (PES) and polyetherethersulphone (PEES) ether-linked repeating units.

[0035] Therelative proportions of -[ArSO,Ar],- and -[Ar] ;- repeating units is such that on average atleast two -[ArSO,Ar]
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n- repeating units are in immediate mutual succession in each polymer chain present, and the ratio of -[ArSO,Ar],- units
to -[Ar],- units is preferably in the range 1:99 to 99:1, more preferably 10:90 to 90:10. Typically, the ratio [ArSO,Ar],, :
[Ar], is in the range 75:25 to 50:50.

[0036] In one embodiment, the preferred repeating units in the polyarylsulphones are:

(1): -X-Ar-SO,-Ar-X-Ar-SO,-Ar- (referred to herein as a "PES unit") and
(I1): -X-(Ar) ;-X-Ar-SO,-Ar- (referred to herein as a "PEES unit") wherein:

Xis O or S (preferably O) and may differ from unit to unit; and

the ratio of units | : Il is preferably in the range of from 10:90 to 80:20, more preferably in the range of from
10:90 to 55:45, more preferably in the range of from 25:75 to 50:50, and in one embodiment, the ratio | : Il is in
the range of from 20:80 to 70:30, more preferably in the range of from 30:70 to 70:30, most preferably in the
range of from 35:65 to 65:35.

[0037] The preferred relative proportions of the repeating units of the polyarylsulphone may be expressed in terms of
the weight percent SO, content, defined as 100 times (weight of SO,)/(weight of average repeat unit). The preferred
SO, content is at least 22, preferably 23 to 25%. When a=1 this corresponds to PES/PEES ratio of at least 20:80,
preferably in the range 35:65 to 65:35.

[0038] The flow temperature of polyetherethersulphone is generally less than that of a corresponding Mn polyether-
sulphone, but both possess similar mechanical properties. Accordingly the ratio may be determined, by determining
values for a and n above.

[0039] US-6437080 discloses processes for obtaining such compositions from their monomer precursors in a manner
to isolate the monomer precursors in selected molecular weight as desired, and those disclosures are incorporated
herein by reference.

[0040] The above proportions refer only to the units mentioned. In addition to such units the polyarylsulphone may
contain up to 50% molar, preferably up to 25% molar, of other repeating units: the preferred SO, content ranges then
apply to the whole polymer. Such units may be for example of the formula:

OO~

in which L is a direct link, oxygen, sulphur, -CO- or a divalent group (preferably a divalent hydrocarbon radical, preferably
wherein the divalent group is a group -C(R'2),- wherein each R12 may be the same or different and selected from H
and C,_g alkyl (particularly methyl)).

[0041] When the polyarylsulphone is the product of nucleophilic synthesis, its units may have been derived for example
from one or more bisphenols and/or corresponding bis-thiols or phenol-thiols selected from hydroquinone, 4,4’-dihy-
droxybiphenyl, resorcinol, dihydroxynaphthalene (2,6 and other isomers), 4,4’-dihydroxybenzophenone, 2,2’-di(4-hy-
droxyphenyl)propane and -methane. If a bis-thiol is used, it may be formed in situ, that is, a dihalide may be reacted
with an alkali sulphide or polysulphide or thiosulphate.

[0042] Other examples of such additional units are of the formula:

/\___—>_Q(Ar| N Q|)p4©

in which Q and Q’, which may be the same or different, are CO or SO,; Ar’ is a divalent aromatic radical; and p is 0, 1,2,
or 3, provided that p is not zero where Q is SO,. Ar’ is preferably at least one divalent aromatic radical selected from
phenylene, biphenylene or terphenylene. Particular units have the formula:
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where qis 1, 2 or 3. When the polymer is the product of nucleophilic synthesis, such units may have been derived from
one or more dihalides, for example selected from 4,4’-dihalobenzophenone, 4,4’bis(4-chlorophenylsulphonyl)biphenyl,
1,4,bis(4-halobenzoyl)benzene and 4,4’-bis(4-halobenzoyl)biphenyl. They may of course have been derived partly from
the corresponding bisphenols.

[0043] The polyarylsulphone may be the product of nucleophilic synthesis from halophenols and/or halothiophenols.
In any nucleophilic synthesis the halogen if chlorine or bromine may be activated by the presence of a copper catalyst.
Such activation is often unnecessary if the halogen is activated by an electron withdrawing group. In any event, fluoride
is usually more active than chloride. Any nucleophilic synthesis of the polyarylsulphone is carried out preferably in the
presence of one or more alkali metal salts, such as KOH, NaOH or K,CO5 in up to 10% molar excess over the stoichi-
ometric.

[0044] The reactive pendant- and/or end-group(s) of polymer (A) is/are selected from OH and NH,, particularly NH,.
[0045] Preferably, the polymer comprises two such groups.

[0046] The block copolymer (M) may be derived from a mixture of polyarylsulphones having differing end-groups. In
one embodiment, where the polyarylsulphones comprise a plurality of end-groups, at least 50 mol%, preferably at least
60 mol%, preferably at least 70 mol%, preferably at least 80 mol%, preferably at least 85 mol%, and preferably at least
90 mol% of the end-groups will be of one type.

[0047] The number average molar mass M,, of the aromatic polymer (A), particularly the preferred polyarylsulphones,
is suitably in the range from about 2,000 to about 60,000, preferably from about 2,000 to about 30,000, preferably from
about 2,000 to about 15,000, and in one embodiment from about 3,000 to about 10,000 g/mol.

[0048] The synthesis of the thermoplastic aromatic polymers (A) is further described in US-2004/0044141 and US-
6437080.

[0049] In a block copolymer (M) comprising a plurality of blocks of the polymer (A), each of the blocks of polymer (A)
may be the same or different. For instance, the molecular weight of each polymer block may be the same or different,
or may be defined by a molecular weight range or polydispersity index (PDI). Typically, the polymer blocks (A) present
in the block copolymer are defined by a single molecular weight range or polydispersity index (PDI). The chemical identity
of the polymer backbone of each polymer (A) may be the same or different, but is preferably the same for each block
of polymer (A). As used herein, the term "chemical identity of the polymer backbone" refers to the functional chemical
groups which join the monomeric units of the polymer, for instance, polyether, polyester, a polyethersulphone, poly-
etherethersulphone and the like. Where present, the substituent groups on each of the polymer blocks (A) may be the
same or different.

The low glass transition temperature (Tg) polymer (B)

[0050] The characteristic properties of the low Tg polymer (B) used in the present invention are the low Tg and the
limited solubility in the uncured thermoset resin precursor (P). The polymer (B) typically also exhibits limited solubility
in the aromatic polymer (A) of the block copolymer, and in the cured thermoset resin (R).

[0051] The polymer (B) preferably exhibits a Tg in the range of from -130°C to 40°C, and in one embodiment in the
range of from -80°C to 0°C, and in one embodiment from -80°C to -30°C.

[0052] The low Tg polymers B of the invention, which are normally elastomeric, are saturated aliphatic polyesters
derived from at least divalent linear, branched or cyclic aliphatic alcohols having from 2 to 60 carbon atoms, and at least
divalent linear, branched or cyclic aliphatic carboxylic acids having from 3 to 60 carbon atoms, with the proviso that at
least one (and in one embodiment both) of the alcohol or the acid components has at least 4 carbon atoms, preferably
at least 6, more preferably at least 12, and most preferred at least 18 carbon atoms. If the polyester is derived from more
than one alcohol and/or more than one acid, the minimum of four carbon atoms applies to the average number of carbon
atoms in the alcohol or acid component. It is also preferred that the polyester has a mass fraction of not more than 10
% of aromatic moieties.

[0053] In one embodiment, at least one, and preferably both, of the aliphatic alcohol component and the aliphatic acid
component, have from 20 to 60 carbon atoms.
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[0054] In one embodiment, the polyester is derived from aliphatic dicarboxylic acids and aliphatic dihydric alcohols,
of the chain lengths described hereinabove.

[0055] Preferred diacids are the so-called dimer fatty acids, usually having from 12 to 48 carbon atoms. Preferred
alcohols are dihydric alcohols having from 2 to 6 carbon atoms, preferably 4 to 6 carbon atoms, preferably butane-1,4-
diol and hexane-1,6-diol. Preferred saturated aliphatic polyesters are derived from such dimer fatty acids and dihydric
alcohols. Alternatively, the saturated aliphatic polyester may be derived from dimer alcohols having from 12 to 48 carbon
atoms with low molecular weight diacids (preferably having from 2 to 6 carbon atoms, preferably 4 to 6 carbon atoms,
such as adipic acid).

[0056] In a preferred embodiment, the number average molar mass M,, of the of the low Tg polymer B is in the range
of from about 1,000 to about 30,000 g/mol, typically from about 1,000 to about 20,000 g/mol, more typically from about
1,000 to about 10,000 g/mol, more typically from about 2,000 to about 9,000 g/mol, more typically in the range of from
about 3000 to about 6000 g/mol. In one embodiment, the low Tg polymer B segment may be formed from a plurality of
polymers, such as commercially available polymers, covalently linked together to obtain the desired molecular weight.
[0057] In a block copolymer (M) comprising a plurality of blocks of the polymer (B), each of the blocks of polymer (B)
may be the same or different. For instance, the molecular weight of each polymer block may be the same or different,
or may be defined by a molecular weight range or polydispersity index (PDI). Typically, the polymer blocks (B) present
in the block copolymer are defined by a single molecular weight range or polydispersity index (PDI). The chemical identity
of the polymer backbone of each polymer (B) may be the same or different, but is preferably the same for each block
of polymer (B).

The block copolymer (M)

[0058] The block copolymer (M) is made by chemically linking the segments of the aromatic polymer (A) and the low
Tgpolymer (B) using conventional techniques well known in the art. The segments are suitably functionalised as described
hereinabove to facilitate reaction between the two segments, for instance using a difunctional or linking reagent that
reacts easily and quantitatively with the functional groups in polymers (A) and (B).

[0059] Preferably, polymers (A) and (B) may be functionalised with hydroxyl and/or amino groups. In this embodiment,
suitable difunctional or linking reagents include diacid dichlorides such as terephthaloyl dichloride and isophthaloyl
dichloride, acid anhydrides and carbodiimides. For instance, an amino-functional aromatic polymer (A) may be mixed
with a low Tg polymer (B) preferably to form a solution, and the mixture then added to a solution of the difunctional
reagent. Alternatively, an hydroxyl-functional low Tg polymer (B) is first reacted with an excess of the difunctional reagent,
before an hydroxyl-functional, or preferably amino-functional, aromatic polymer (A) is added. The block copolymer (M)
comprising chemically linked segments of polymers (A) and (B) may be isolated from the reaction solution and then dried.
[0060] Preferably the block copolymer (M) comprises:

(i) the aromatic polymer (A) in a mass fraction w(A) of from about 5% to about 99%, preferably from about 10% to
about 95%, more preferably from about 15% to about 93%, more preferably from about 40% to about 90%, more
preferably from about 55% to about 90%, and in one embodiment from about 60 to about 80%;

and correspondingly,
(ii) the low Tg polymer (B) in a mass fraction w(B) of from about 95% to about 1%, preferably from about 90% to
about 5%, more preferably from about 85% to about 7%, more preferably from about 60% to about 10%, more

preferably from about 45% to about 10%, and in one embodiment from about 40 to about 20%,

wherein w(A) and w(B) are calculated as
w(A) = m(A)/m(M)

w(B) = m(B)/m(M)
wherein

m(A) is the mass of the aromatic polymer A;
m(B) is the mass of the low Tg polymer B; and
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m(M) is the mass of the block copolymer M.

[0061] Within these constraints, it is preferred that w(A)>w(B), or that w(A) is at least 50 % and w(B) is less than 50%.
[0062] Preferably the number average molar mass M,, of the block copolymer is in the range of from about 3,000 to
about 150,000 g/mol, preferably from about 3,000 to about 80,000 g/mol, preferably from about 3,000 to about 40,000
g/mol, more preferably from about 4,000 to about 30,000 g/mol, and more preferably from about 9,000 to about 30,000
g/mol.

The thermoset resin precursor

[0063] The presentinvention is primarily concerned with thermoset epoxy resins derived from one or more epoxy resin
precursor(s). The epoxy resin precursor preferably has at least two epoxide groups per molecule, and may be a poly-
functional epoxide having three, four, or more epoxide groups per molecule. The epoxy resin precursor is suitably liquid
at ambient temperature. Suitable epoxy resin precursors include the mono- or polyglycidyl derivative of one or more of
the group of compounds consisting of aromatic diamines, aromatic monoprimary amines, aminophenols, polyhydric
phenols, polyhydric alcohols, polycarboxylic acids and the like, or a mixture thereof.

[0064] Preferred epoxy resin precursors are selected from:

(i) glycidyl ethers of bisphenol A, bisphenol F, dihydroxydiphenyl sulphone, dihydroxybenzophenone, and dihydroxy
diphenyl;

(ii) epoxy resins based on Novolacs; and

(iii) glycidyl functional reaction products of m- or p-aminophenol, m- or p-phenylene diamine, 2,4-, 2,6- or 3,4-
toluylene diamine, 3,3'- or 4,4’-diaminodiphenyl methane, particularly wherein the epoxy resin precursor has at least
two epoxide groups per molecule.

[0065] Particularly preferred epoxy resin precursors are selected from the diglycidyl ether of bisphenol A (DGEBA);
the diglycidyl ether of bisphenol F (DGEBF); O,N,N-triglycidyl-para-aminophenol (TGPAP); O,N,N-triglycidyl-meta-ami-
nophenol (TGMAP); and N,N,N’,N’-tetraglycidyldiaminodiphenyl methane (TGDDM). In one embodiment, epoxy resin
precursors are selected from DGEBA and DGEBF. In a preferred embodiment, epoxy resin precursors are selected
from DGEBF and TGPAP and blends thereof.

[0066] The epoxy group to amino hydrogen equivalent ratio is preferably in the range from 1.0 to 2.0. Formulations
displaying an excess of epoxy are preferred to the exact stoichiometry.

[0067] Commercially available epoxy resin precursors suitable for use in the present invention include N,N,N’,N’-
tetraglycidyl diamino diphenylmethane (e.g. grades MY 9663, MY 720 or MY 721; Ciba-Geigy); N,N,N’,N’-tetraglycidyl-
bis(4-aminophenyl)-1,4-diiso-propylbenzene (e.g. EPON 1071; Shell Chemical Co.); N,N,N’,N’-tetraclycidyl-bis(4-amino-
3,5-dimethylphenyl)-1,4-diisopropylbenzene, (e.g. EPON 1072; Shell Chemical Co.); triglycidyl ethers of p-aminophenol
(e.g. MY 0510; Ciba-Geigy); triglycidyl ethers of m-aminophenol (e.g. MY 0610; Ciba-Geigy); diglycidyl ethers of bisphenol
A based materials such as 2,2-bis(4,4’-dihydroxy phenyl) propane (e.g. DE R 661 (Dow), or Epikote 828 (Shell)) and
Novolac resins preferably of viscosity 8-20 Pa s at 25°C; glycidyl ethers of phenol Novolac resins (e.g. DEN 431 or DEN
438; Dow); dicyclopentadiene-based phenolic Novolac (e.g. Tactix 556, Huntsman); diglycidyl 1,2-phthalate (e.g. GLY
CEL A-100); diglycidyl derivative of dihydroxy diphenyl methane (Bisphenol F) (e.g. PY 306; Ciba Geigy). Other epoxy
resin precursors include cycloaliphatics such as 3’,4’-epoxycyclohexyl-3,4-epoxycyclohexane carboxylate (e.g. CY 179;
Ciba Geigy), and those in the "Bakelite" range of Union Carbide Corporation.

[0068] In one embodiment of the present invention, the thermoset resin system or curable polymer composition com-
prises a blend of epoxy resin precursors having the same or different functionality (wherein the term "functionality" in
this context means the number of functional epoxide groups). The blend of epoxy resin precursors may comprise one
or more epoxy resin precursors having two epoxide groups per molecule (hereinafter referred to as precursor(s) P2),
and/or one or more epoxy resin precursors having three epoxide groups per molecule (hereinafter referred to as pre-
cursor(s) P3), and/or one or more epoxy resin precursors having four epoxide groups per molecule (hereinafter referred
to as precursor(s) P4). The blend may also comprise one or more epoxy resin precursors having more than four epoxide
groups per molecule (hereinafter referred to as precursor(s) PP). In one embodiment, only P3 precursor(s) may be
present.

[0069] In an alternative embodiment, only P4 precursor(s) may be present. In one embodiment, a blend of epoxy resin
precursors comprises:

(i) from about 0 wt% to about 60 wt% of epoxy resin precursor(s) (P2);
(ii) from about 0 wt% to about 55 wt% of epoxy resin precursor(s) (P3); and
(iii) from about 0 wt% to about 80 wt% of epoxy resin precursor(s) (P4).
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[0070] In one embodiment, the blend comprises only one epoxy resin precursor of a given functionality, in the propor-
tions noted above.

The thermoset resin

[0071] The thermoset resin system or curable polymer composition of the invention are thermally curable. The addition
of curing agent(s) and/or catalyst(s) is optional, but the use of such may increase the cure rate and/or reduce the cure
temperatures, if desired. In a preferred embodiment, one or more curing agent(s) are used, optionally with one or more
catalyst(s). In an alternative embodiment, the thermoset resin system or curable polymer composition described herein
are thermally cured without the use of curing agents or catalysts.

[0072] Preferably, however, the thermosetresin system or curable polymer composition comprises one or more curing
agent(s). The curing agent is suitably selected from known curing agents, for example as disclosed in EP-A-0311349,
EP-A-0486197, EP-A-0365168 or in US-6013730, such as an amino compound having a molecular weight up to 500
per amino group, for example an aromatic amine or a guanidine derivative. An aromatic amine curing agent is preferred,
preferably an aromatic amine having at least two amino groups per molecule, and particularly preferably diaminodiphenyl
sulphones, for instance where the amino groups are in the meta- or in the para-positions with respect to the sulphone
group. Particular examples are 3,3’- and 4-,4’-diaminodiphenylsulphone (DDS); methylenedianiline; bis(4-amino-3,5-
dimethylphenyl)-1,4-diisopropylbenzene (available as EPON 1062 from Shell Chemical Co.); bis(4-aminophenyl)-1,4-
diisopropylbenzene (available as EPON 1061 from Shell Chemical Co.); 4,4’'methylenebis-(2,6-diethyl)-aniline (MDEA;
Lonza); 4,4'methylenebis-(3-chloro, 2,6-diethyl)-aniline (MCDEA; Lonza); 4,4'methylenebis-(2,6-diisopropyl)-aniline (M-
DIPA; Lonza); 3,5-diethyl toluene-2,4/2,6-diamine (D-ETDA 80; Lonza); 4,4’'methylenebis-(2-isopropyl-6-methyl)-aniline
(M-MIPA; Lonza); 4-chlorophenyl-N,N-dimethyl-urea (e.g. Monuron); 3,4-dichlorophenyl-N,N-dimethyl-urea (e.g. Di-
uron™) and dicyanodiamide (Amicure™ CG 1200; Pacific Anchor Chemical). Bisphenol chain extenders, such as bi-
sphenol-S or thiodiphenol, are also useful as curing agents for epoxy resins. Particularly preferred for use in the present
invention are 3,3- and 4-,4’- DDS.

[0073] In one embodiment, the thermoset resin system or curable polymer composition comprises one or more cata-
lyst(s) to accelerate the curing reaction. Suitable catalysts are well known in the art and include Lewis acids or bases.
Specific examples include compositions comprising boron trifluoride, such as the etherates or amine adducts thereof
(for instance the adduct of boron frifluoride and ethylamine), particularly where epoxy resin precursors are used in
conjunction with the aforementioned amine curing agents.

[0074] The curable polymer composition may comprise a curing agent and catalyst, for instance as disclosed in US-
6265491.

[0075] The amountofblock copolymer (M) is preferably such thatthe mass fraction w(M), calculated as w(M) = m(M)/m,
where m(M) is the mass of the block copolymer present in a toughened thermoset resin composition having the mass
m, of from 0.5% to 40%, preferably from 1% to 35%, and more preferably from 2% to 30%.

[0076] The curing agent is typically present at about 5-60% by weight of the total combined weight of the thermoset
resin precursor(s) plus curing agent in the composition, preferably about 20-50% by weight, typically about 25-40% by
weight.

[0077] Thus, the presentinvention provides a process for the preparation of toughened thermoset resin compositions
(R) said process comprising the steps of

(i) preparation of the block copolymer (M) defined herein, for instance from an amino- or hydroxyl-functional aromatic
polymer (A) and a low Tg polymer (B) which has been functionalised (for instance by an acid dichloride) to have at
least two groups that react with an hydroxyl or amino group under addition or condensation, as described herein;
(i) mixing said block copolymer (M) with one or more uncured thermoset resin precursor(s) (P), and homogenising
the mixture thus obtained; and

(iii) curing the mixture, for instance by dissolving/dispersing in curing agent/catalyst at reduced temperature and
then effecting the cure. (The block copolymer (M) and precursor(s) are usually mixed at a relatively high temperature,
and the system is then cooled before addition of the curing agent in order to control the reaction.)

Uses of the cutable polymer compositions and toughened thermoset resin compositions

[0078] The compositions described herein can be used to manufacture cast or moulded structural materials, in pre-
pregs, and also in adhesive materials. The compositions described herein are particularly suitable for fabrication of
structures, including load-bearing or impact-resisting structures. The compositions may be used neat, or as composite
materials reinforced with fibres or fillers.

[0079] Thus, according to a further aspect of the invention there is provided a moulded or cast article either comprising
the thermoset resin compositions defined herein or derivable from the curable polymer compositions defined herein.
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[0080] According to a further aspect of the invention there is provided a composite material comprising, or derivable
from, the thermoset resin compositions or curable polymer compositions described hereinabove, particularly wherein
the composite material is, or comprises, a pre-preg.

[0081] Moulded products are obtainable from the compositions of the present invention by the general steps of mixing
the block copolymer (M) and the uncured thermoset resin precursor (P), adding curing agent and catalyst as required,
homogenising the mixture thus obtained, casting the mixture into a mould to obtain a moulded product, and curing the
moulded product at an elevated temperature of at least 100 °C to form a cured moulded product.

[0082] In a preferred embodiment, particularly for the fabrication of load-bearing or impact-resisting structures, the
compositions are composite materials further comprising reinforcing agent(s) such as fibres or fillers.

[0083] Fibres can be added short or chopped typically of mean fibre length not more than 2 cm, for example about 6
mm. Alternatively, and preferably, the fibres are continuous and may, for example, be uni-directionally disposed fibres
or woven fabric or braided, knitted or non-woven fabrics to form a pre-preg. As used herein, the term "pre-preg" refers
to pre-impregnated and non-cured fibre-reinforced composite materials. A prepreg typically comprises continuous fibres,
but combinations of both short and/or chopped fibres and continuous fibres may be utilised. For some applications, the
prepreg fibres can be selected from short and/or chopped uni-directional fibres alone.

[0084] Fibres may be sized or unsized. Fibres can be added typically at a concentration of 5 to 35, preferably at least
20%, by weight. For structural applications, it is preferred to use continuous fibre for example glass or carbon, especially
at 30 to 70, more especially 50 to 70% by volume.

[0085] The fibre can be organic, especially of stiff polymers such as poly paraphenylene terephthalamide, or inorganic.
Among inorganic fibres, glass fibres such as "E" or "S" can be used, or alumina, zirconia, silicon carbide, other compound
ceramics or metals. A very suitable reinforcing fibre is carbon, especially as graphite. Graphite fibres which have been
found to be especially useful in the invention are those supplied by Cytec under the trade designations T650-35, T650-42
and T300; those supplied by Toray under the trade designation T800-HB; and those supplied by Hexcel under the trade
designations AS4, AU4, IM 8 and IM 7.

[0086] Organic or carbon fibre is preferably unsized or is sized with a material that is compatible with the composition
according to the invention, in the sense of being soluble in the liquid precursor composition without adverse reaction or
of bonding both to the fibre and to the thermoset/thermoplastic composition described herein. In particular, carbon or
graphite fibres that are unsized or are sized with resin precursor or (poly)arylsulphone are preferred. Inorganic fibre
preferably is sized with a material that bonds both to the fibre and to the polymer composition; examples are the organo-
silane coupling agents applied to glass fibre.

[0087] In one embodiment, the block copolymer defined hereinabove is the only toughening agent present in the
composition. In an alternative embodiment, the composition may further contain conventional toughening agents including
high-Tg engineering thermoplastics (for instance the aromatic polymers (A) defined herein, such as the polyethersul-
phones), particulate toughening agents, for instance pre-formed particles such as glass beads, rubber particles and
rubber-coated glass beads, filler such as polytetrafluoroethylene, silica, graphite, boron nitride, mica, talc and vermiculite,
pigments, nucleating agents, and stabilisers such as phosphates. Liquid rubbers having reactive groups may also be
used. The total of such materials and any fibrous reinforcing agent in the composition is typically at least 20% by volume,
as a percentage of the total volume of the composition. The percentages of fibres and such other materials are calculated
on the total composition after reaction or processing at the hereinbelow defined temperatures. In a further alternative
embodiment, the toughening agents present in the composition comprise and preferably consist of the block copolymer
defined hereinabove and high-Tg engineering thermoplastics (for instance the aromatic polymers (A) defined herein,
such as the polyethersulphones). In a preferred embodiment, the thermoset resin system or curable polymer composition
or toughened thermoset resin composition of the present invention comprising or derived from a block copolymer (M)
and one or more uncured thermoset resin precursor(s) (P), as defined herein, does not further comprise a rubber (for
instance a rubber selected from the group consisting of silicone, butadiene, acrylic and nitrile rubbers) and/or does not
further comprise silicone fine particles.

[0088] The composites are obtained from a curable polymer composition made by combining the components of the
curable polymer compositions described hereinabove with fibrous reinforcing agent and/or other materials. For instance,
the manufacture of a pre-preg typically comprises the steps of mixing the modifier (M) and the uncured thermoset resin
precursor (P), adding a curing agent and catalyst as required, homogenising the mixture thus obtained, and applying
the homogenised mixture to a bundle or strand of parallel aligned fibres or fibre weaves or braided or knitted or non-
woven fabrics to form the prepreg. A solvent may be present to aid processing. The solvent and the proportion thereof
are chosen so that the mixture of the components forms at least a stable emulsion, preferably a stable apparently single-
phase solution. Typically a mixture of solvents is used, for example of a halogenated hydrocarbon and an alcohol, in a
ratio suitably in the range 99:1 to 85:15. Conveniently the solvents in such a mixture should boil at under 100°C at 1
atm pressure and should be mutually miscible in the proportions used. Alternatively the components can be brought
together by hot melting and/or high shear. The mixture is stirred until sufficiently homogeneous. Thereafter any solvent
is removed by evaporation. Evaporation is suitably at 50-200°C and, at leastin its final stages, can be at sub-atmospheric
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pressure, for example in the range 13.33 Pa to 1333 Pa (0.1 to 10 mm Hg). The composition preferably contains up to
5% w/w of volatile solvent, to assist flow when used to impregnate fibres. This residual solvent will be removed in contact
with the hot rollers of the impregnating machine.

[0089] More specifically, fabrication of articles and composites from the compositions of the present invention is as
follows. The composition in the form of a resin solution is transferred onto a suitable mould or tool for preparation of a
panel, prepreg or the like, the mould or tool having been preheated to a desired degassing temperature. The stable
emulsion is combined with any reinforcing, toughening, filling, nucleating materials or agents or the like, and the tem-
perature is raised to initiate curing thereof. Suitably curing is carried out at elevated temperature up to 200°C, preferably
in the range of 160 to 200°C, more preferably at about 170-190°C, and with use of elevated pressure to restrain deforming
effects of escaping gases, or to restrain void formation, suitably at pressure of up to 10 bar, preferably in the range of
3 to 7 bar abs. Suitably the cure temperature is attained by heating at up to 5°C/min. for example 2°C to 3°C/min and
is maintained for the required period of up to 9 hours, preferably up to 6 hours, for example 3 to 4 hours. The use of a
catalyst may allow even lower cure temperatures. Pressure is released throughout and temperature reduced by cooling
at up to 5°C/min. for example up to 3°C/min. Post-curing at temperatures in the range of 190°C to 200°C may be
performed, at atmospheric pressure, employing suitable heating rates to improve the glass transition temperature of the
product or otherwise. The mould or tool may be constructed of any suitable material, forinstance an unsaturated polyester
or thermoset resin such as epoxy or bis-maleimides having a heat resistance in excess of the forming temperature to
be employed. Reinforcement is suitably provided in the form of glass fibres. Composite moulds may be prepared in a
conventional manner.

[0090] The composition, possibly containing some volatile solvent already present or newly added, can be used for
example as an adhesive or for coating surfaces or for making solid structures by casting possibly in a foamed state.
Short fibre reinforcement may be incorporated with composition prior to curing thereof. Preferably a fibre-reinforced
composition is made by passing essentially continuous fibre into contact with such resin composition. The resulting
impregnated fibrous reinforcing agent may be used alone or together with other materials, for example a further quantity
of the same or a different polymer or resin precursor or mixture, to form a shaped article. This technique is described in
more detail in EP-A-56703, 102158 and 102159.

[0091] A further procedure comprises forming incompletely cured composition into film by, for example, compression
moulding, extrusion, melt-casting or belt-casting, laminating such films to fibrous reinforcing agent in the form of, for
example, a non-woven mat of relatively short fibres, a woven cloth or essentially continuous fibre in conditions of tem-
perature and pressure sufficient to cause the mixture to flow and impregnate the fibres and curing the resulting laminate.
[0092] Plies of impregnated fibrous reinforcing agent, especially as made by the procedure of one or more of EP-A
56703, 102158, 102159, can be laminated together by heat and pressure, for example by autoclave, vacuum or com-
pression moulding or by heated rollers, at a temperature above the curing temperature of the thermosetting resin or, if
curing has already taken place, above the glass transition temperature of the mixture, conveniently at least 180° C and
typically up to 200°C, and at a pressure in particular in excess of 1 bar, preferably in the range of 1-10 bar.

[0093] The resulting multi-ply laminate may be anisotropic in which the fibres are continuous and unidirectional, ori-
entated essentially parallel to one another, or quasi-isotropic in each ply of which the fibres are orientated at an angle,
conveniently 45° as in most quasi-isotropic laminates but possibly for example 30° or 60° or 90° or intermediately, to
those in the plies above and below. Orientations intermediate between anisotropic and quasi-isotropic, and combination
laminates, may be used. Suitable laminates contain at least 4 preferably atleast 8, plies. The number of plies is dependent
on the application for the laminate, for example the strength required, and laminates containing 32 or even more, for
example several hundred, plies may be desirable. There may be aggregates, as mentioned above in interlaminar regions.
Woven fabrics are an example of quasi-isotropic or intermediate between anisotropic and quasi-isotropic.

[0094] The curable polymer composition is suitably adapted to be cured at a temperature less than that at which the
material constituting the mould or tool on or in which it is intended to cure the resin composition becomes heat-sensitive
in any way.

[0095] According to a further aspect of the invention, there is provided a method for the manufacture of a thermoset
resin composition comprising disposing the curable polymer composition in a suitable mould or tool, or equivalent state
in which it is to be formed, subjecting the composition to the desired elevated temperature at suitable pressure, for
example at atmospheric pressure, and maintaining the temperature for a required period, as hereinbefore defined.
[0096] According to a further aspect of the invention, there is provided a composite comprising pre-pregs laminated
together by heat and pressure, for example by autoclave, compression moulding, or by heated rollers, at a temperature
above the curing temperature of the polymer composition.

[0097] The presentinvention is applicable to the manufacture of composites by conventional prepreg technology and
also by resin infusion technology (as described for instance in US-2004/0041128). Resin infusion is a generic term which
covers processing techniques such as Resin Transfer Molding (RTM), Liquid Resin Infusion (LRI), Vacuum Assisted
Resin Transfer Molding (VARTM), Resin Infusion with Flexible Tooling (RIFT), Vacuum Assisted Resin Infusion (VARI),
Resin Film Infusion (RFI), Controlled Atmospheric Pressure Resin Infusion (CAPRI), VAP (Vacuum Assisted Process)
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and Single Line Injection (SLI). The composites described herein particularly include composites formed through the
use of resin-soluble thermoplastic veils in a resin infusion process as described in US-2006/0252334.

[0098] In one embodiment, the composite is manufactured through resin infusion wherein a support structure com-
prising structural reinforcement fibers (dry) and the resin-soluble thermoplastic veil element is placed into a bag, mold
or tool to provide a perform, a curable resin matrix composition is injected/infused directly into the combined structural
reinforcement fibers and veil, and then cured.

[0099] According to a further aspect of the invention, there is provided a thermoplast, or a thermoplast-modified,
thermoset resin shaped product comprising or derived from a composition, pre-preg or composite as hereinbefore
defined, particularly one which is obtained by a method as hereinbefore defined.

[0100] The compositions of the present invention finds particular utility in the manufacture of components suitable for
use in transport applications (including aerospace, aeronautical, nautical and land vehicles, and including the automotive,
rail and coach industries), in building/construction applications or in other commercial applications.

[0101] The toughened thermoset resin compositions according to the present invention can also be used for making
adhesive joints comprising applyingan homogenised mixture (comprising the block copolymer (M) and uncured thermoset
resin precursor (P), with curing agent and catalyst as required) as a coating to flat or structured surfaces of at least two
bodies, and pressing the coated surfaces of said bodies against each other under heating said bodies to a temperature
of at least 50 °C to form an adhesive joint between the said surfaces of the said bodies.

[0102] According to a further aspect of the present invention, there is provided the use of the thermoplastic aromatic
polymer (A) as defined in claim 1 as a compatibiliser for the low Tg polymer (B) defined in claim 1 in a thermoset resin
(R), in thermoset resins where the insolubility of the polymer (B) in the thermoset resin otherwise renders the polymer
(B) unusable or inaccessible as a toughening agent, wherein:

said thermoplastic aromatic polymer block (A) and said low Tg polymer (B) are in the form of a block copolymer (M)
as defined in claim 1.

[0103] According to a further aspect of the present invention, there is provided a method of compatibilising a low Tg
polymer (B) in a thermoset resin (R), where the insolubility of the low Tg polymer (B) in the thermoset resin otherwise
renders the polymer (B) unusable or inaccessible as a toughening agent, said method comprising combining said low
Tg polymer (B) with a thermoplastic aromatic polymer block (A) having a Tg of at least 150°C in the form of a block
copolymer (M) having at least one block derived from said thermoplastic aromatic polymer (A), and at least one block
derived from said low Tg polymer (B), as defined in claim 1.

[0104] The block copolymers of the present invention may also be used to prepare engineered cross-linked thermo-
plastic particles for interlaminar toughening of pre-pregs and composite materials, as disclosed in WO-2010/136772-A,
and in particular the disclosure of the preparation of such particles from the thermoplastic polymer (which, herein, is
replaced by the block copolymer of the present invention); and the disclosure of resin systems and prepregs, composites
and fibre preforms made therefrom. The interlaminar region is the portion of a composite material that comprises the
resin-rich region of a composite between layers of fibres (such as carbon fibre). In preparation of such particles, the
block copolymer of the present invention is typically (and preferably is) used in association with one or more cross-linking
agents as disclosed in WO-2010/136772-A. The cross-linking affects the dissolution of the particles in the thermosetting
resin (typically an epoxy resin as described herein) and the diffusion of the uncured thermosetting resin into the particles.
Thus, in a further aspect, the present invention provides an engineered cross-linked thermoplastic particle having a
thermoplastic polymer backbone selected from the block copolymers described herein, and a cross-linking agent cross-
linked to said thermoplastic polymer backbone, wherein the cross-linking agent has a reactivity of at least two, wherein
the cross-linking agent is reactive with the reactive pendant groups of said thermoplastic polymer backbone, wherein
the thermoplastic backbone is chemically cross-linkable, wherein the engineered cross-linked thermoplastic particle is
substantially insoluble in the thermosetting resin upon curing, wherein the engineered cross-linked thermoplastic particle
is capable of swelling upon curing, and wherein the thermosetting resin is capable of diffusing into the engineered cross-
linked thermoplastic particle. The particles typically have a particle size of from about 1 to about 100um before curing.
[0105] The invention is now illustrated in non-limiting manner with reference to the following examples.

Examples
[0106] The following materials were used to prepare the block copolymers:
E1: saturated polyester diol made from dimerised fatty acids, number average molar mass 3000 g/mol, hydroxyl

number ("OHN") according DIN EN I1SO 4629 of (37.1 = 2.8) mg/g, equivalent to a specific amount of substance of
hydroxyl groups in the polyester diol of (0.66 = 0.05) mol/kg, (®Priplast 3196, Croda International Plc.)
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E2: saturated polyester polyol made from dimerised fatty acids, number average molar mass 2000 g/mol, OHN =
(55 = 5) mg/g, equivalent to a specific amount of substance of hydroxyl groups in the polyester polyol of (0.98 *
0.09) mol/kg (®Priplast 3199, Croda International Plc.)

[0107] Polyether sulphones "PES", prepared as described in EP-0311349-A, example 1
[0108] "Mixed solvent" is a dry, water-free mixture of dichloromethane and chloroform, in a volume ratio of 2:1.
[0109] "Acidified methanol" is a mixture of 1 mL of glacial acetic acid with 1 L of methanol.

Example 1 - PES Segments

[0110] Amine-terminated polyethersulphones were prepared according to the procedure disclosed in EP-0311349-A
by reacting 4,4’-dichlorodiphenylsulphone (DCDPS) with hydroquinone (HQ), 4,4’-dihydroxy-diphenylsulphone (bisphe-
nol S, "BisS") and meta-aminophenol (MAP) in the presence of potassium carbonate in diphenyl sulphone or sulfolane
as solvent at a temperature rising to 280 °C. MAP is used to functionalise PES polymer chains.

[0111] Aratio of the amount of substance n(HQ) of hydroquinone to the amount of substance n(BisS) of n(HQ)/n(BisS)
= 1.5 mol/mol was used. The amounts of educts, or starting products, was adjusted to achieve a calculated number
average molar mass M, ranging from 3100 g/mol to 9500 g/mol. M,, and amine functionality f(N) (average number of
aminic nitrogen atoms per polymer chain) of the PES polymers are summarised in Table 1. For all four PES polymers,
the molar ratio of PES:PEES (l:1l) units, as defined hereinabove, is 40:60

Table 1: Description of Polyethersulphones

PES polymers m, f(N)
PES-1 3100 g/mol 1.80
PES-2 7400 g/mol 1.82
PES-3 8600 g/mol 1.90
PES-4 9500 g/mol 1.70

[0112] A series of block copolymers was then synthesised by coupling the PES and polyester polyol building blocks
by means of a diacid chloride compound in an inert atmosphere, as described below.

Example 2 - Synthesis of block copolymer (modifier) M1

[0113] The block copolymer M1 was synthesised from polyester polyol E2 and the polyether sulphone PES-1 according
to the following procedure.

[0114] 3.28 g ofterephthaloyl chloride (16 mmol) were dissolved in 330 mL of mixed solvent. The solution was cooled
by means of a bath of dry ice.

[0115] 16.00 g of E2 (8 mmol) were diluted with 165 mL of mixed solvent and 6.5 mL of anhydrous pyridine. This
solution was added to the cold acid chloride solution. The mixture was stirred further for 5 minutes. The bath of dry ice
was then removed, and the reaction mixture was allowed to reach room temperature and was vigorously stirred for a
further 24 hours.

[0116] 49.60 g of dry PES 1 (16 mmol) were dissolved in 330 mL of mixed solvent and 6.5 mL of anhydrous pyridine.
The PES solution was added to the solution of acyl chloride functionalised polyester polyol. The reaction solution was
stirred at room temperature for a further 48 hours. The product of reaction was precipitated by pouring the solution of
reaction into 1 L of acidified methanol. After filtration, the precipitated polymer was washed four times with 3 L each of
cold water, rinsed with 200 mL of methanol and dried under vacuum at 70 °C over night.

[0117] Characteristics of M1 are summarised in Table 2. Mass fraction of E segments w(E) in the polymer is calculated
by dividing the mass m(E) of segments E by the mass m of the polymer containing this segment.

Example 3 - Synthesis of block copolymers (modifiers) M2, M3 and M4

[0118] Each solution involved in this procedure was prepared with mixed solvent. The block copolymers M2, M3 and
M4 were synthesised according to the following procedure.

[0119] 3.28 g ofterephthaloyl chloride (16 mmol) were dissolved in 330 mL of mixed solvent. The solution was cooled
by means of a bath of dry ice.

[0120] 24.00 g of E1 (8 mmol) were dissolved in 165 mL of mixed solvent and 6.5 mL of anhydrous pyridine. This

13



10

15

20

25

30

35

40

45

50

55

EP 2739 672 B1

basic polyester polyol solution was added to the cold acid chloride solution. The mixture was stirred further for 5 minutes.
The bath of dry ice was then removed. The reaction mixture was allowed to reach room temperature (20 °C) and was
vigorously stirred for a further 24 hours.

[0121] Dried PES (16 mmol, equivalentto 49.60 g for PES-1, 118.40 g for PES-2 and 152.00 g for PES-4) was dissolved
in 330 mL of mixed solvent and 6.5 mL of anhydrous pyridine. In separate runs, these PES solutions were added each
to a solution of acyl chloride functionalised polyester polyol. The reaction solution was stirred at room temperature (20
°C) for a further 48 hours.

[0122] The product of reaction was precipitated by pouring the solution of reaction into 1 L of acidified methanol. After
filtration, the precipitated polymer was washed 4 times in 3 L of water, rinsed with 200 mL of methanol and dried under
vacuum at 70 °C overnight.

[0123] Following this procedure, three types of block copolymers were synthesised from the polyester polyol E1 as
described in Table 2.

Example 4 - Synthesis of block copolymers (modifiers) M5 and M6

[0124] The block copolymers M5 and M6 were synthesised from chain-extended polyester polyol E1, according to the
following procedure.

[0125] 3.59 gof terephthaloyl chloride (18 mmol) were dissolved in dichloromethane/chloroform (350 mL). The solution
was cooled by means of a bath of dry ice.

[0126] 35.00 g of E1 (12 mmol) were dissolved in 240 mL of mixed solvent and 9.6 mL of anhydrous pyridine.
[0127] The basic polyester polyol solution was added to the cold acid chloride solution. The mixture was stirred further
for 5 minutes. The bath of dry ice was then removed. The reaction mixture was allowed to reach room temperature (20
°C) and was vigorously stirred for a further 24 hours.

[0128] 86.33 g of dry PES-2, and in another run, 100.33 g of PES-3 (12 mmol) were dissolved each in 230 mL of
mixed solventand 4.8 mL of anhydrous pyridine. The PES solution was added to the solution of acyl chloride functionalised
polyester polyol. The reaction solution was stirred at room temperature for a further 48 hours.

[0129] The product of reaction was precipitated by pouring the solution of reaction into 1 L of acidified methanol. After
filtration, the precipitated polymer was washed 4 times with 3 L each of water, and finally rinsed with 200 mL of methanol
and dried under vacuum at 70 °C overnight. Characteristics of M5 and M6 are summarised in Table 2.

Example 5 - Synthesis of block copolymers (modifier) M7

[0130] The block copolymer M7 was synthesised from chain-extended polyester polyol E1 and PES-3, according to
the following procedure.

[0131] 3.189 g of terephthaloyl chloride (16 mmol) were dissolved in 315 mL of mixed solvent. The solution was cooled
by means of a bath of dry ice.

[0132] 35.00 g of E1 (12 mmol) were dissolved in 240 mL of mixed solvent and 9.6 mL of anhydrous pyridine.
[0133] The basic polyester polyol solution was added to the cold acid chloride solution. The mixture was stirred further
for 5 minutes. The bath of dry ice was then removed. The reaction mixture was allowed to reach room temperature (20
°C) and was vigorously stirred for a further 24 hours.

[0134] 66.89 g of dry PES-3 (8 mmol) were dissolved in 150 mL of mixed solvent and 3.2 mL of anhydrous pyridine.
This PES solution was added to the solution of acyl chloride functionalised polyester polyol.

[0135] The reaction solution was stirred at room temperature for a further 48 hours. The product of reaction was
precipitated by pouring the solution of reaction into 1 L of acidified methanol. After filtration, the precipitated polymer
was washed 4 times with 3 L each of water, and then rinsed with 200 mL of methanol and dried vacuum at 70 °C
overnight. Characteristics of M7 are summarised in Table 2.

Table 2: Description of Modifiers M1 to M7

Block copolymer | PES segments | E segment | mass fraction of E segments w(E)
M1 PES-1 E2 0.24
M2 PES-1 E1 0.33
M3 PES-2 E1 0.17
M4 PES-4 E1 0.14
M5 PES-2 E1 0.29
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(continued)

Block copolymer | PES segments | E segment | mass fraction of E segments w(E)
M6 PES-3 E1 0.26
M7 PES-3 E1 0.34

Example 6 - Synthesis of high molar mass PES toughening agent (modifier) M8

[0136] A chain-extended PES polymer, M8, was synthesised by reaction of two molecules of PES-2 with one molecule
of acid chloride. Modifier M8 is included herein as a comparative example.

[0137] 0.69 g of terephthaloyl chloride (3.5 mmol) were dissolved in 80 mL of dry dichloromethane. 50.00 g of PES 2
(7 mmol) were dissolved in 175 mL of dichloromethane and 0.5 mL of anhydrous pyridine.

[0138] The basic polyether sulphone solution was poured into the acid chloride solution. The mixture was stirred at
room temperature for a further 48 hours.

[0139] The product of reaction was precipitated by pouring the solution of reaction into 1 L of acidified methanol. After
filtration, the precipitated polymer was washed 4 times with 3 L each of water, then rinsed with 200 mL of methanol, and
dried under vacuum at 70 °C overnight. The number average molar mass of M8 was determined using TH-NMR as
15000 g/mol.

Comparative examples C1 to C3

[0140] A series of resins prepared with commercially available block copolymers were used as comparative examples,
as follows.

[0141] Comparative toughening agent C1 was Fortegra® 100, a polyether block copolymer available from Dow Chem-
icals, which is understood to comprise the soluble poly(oxyethylene) segment as disclosed in the patent application
US2009/123759.

[0142] Comparative toughening agent C2 was Nanostrength® AFX E20 (Arkema, France), which is understood to be
an SBM block copolymer (polystyrene/polybutadiene/polymethyl methacrylate) according to example 1 of WO-
2006/077153, and as disclosed in EP-0524054 and EP-0749987.

[0143] Comparative toughening agent C3 was Nanostrength® M22 (Arkema, France), which is understood to be a
MAM block copolymer (polymethyl methacrylate/polybutyl acrylate/polymethyl methacrylate) according to example 3 of
WO-2006/077153.

Example 7 - preparation of toughened thermoset resin composition

[0144] The following procedures characterise the examples.

Tack

[0145] In the present invention, the level of tack of the carbon fibre prepregs was measured semi-quantitatively by

experienced operators. After being laid up, two plies of prepregs are pulled apart. The resistance encountered to pull
apart the two plies is directly correlated to the tack of the prepregs and scored as follows:

Zero: The two plies do not stick to each other. The prepreg is described as dry.

Low: The two plies are slightly sticky. A light pressure has to be applied to ensure that the plies stick to each other.
Medium:  The two plies are sticky. They can be easily laid up and pulled apart.

High: The two plies are very sticky. They bond strongly to each other.

[0146] Alternatively, tack may be evaluated on a commercial universal testing machine. Prepreg sheets are pressure-
bonded together and the force required for separating them is measured.

Sample: (50 x 50) mm?2
Loading speed: 1 mm/min
Loadforadhesion: 0.12 MPa
Loading time: Bx2)s
Peeling speed: 10 mm/min
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[0147] Tackiness may then expressed on a scale from 10 to 1; 10 being the maximum peeling force recorded for the
neat thermoset resin system for each of the resin/curing agent compositions, and 1 being 10 % or less of the said
maximum peeling force.

[0148] Improved tack properties are beneficial in the preparation of composites, and provide advantages in the proc-
essability and handling of the composite.

Mechanical properties

[0149] On neat resins, fracture toughness (measured in terms K¢ and G4¢) and modulus of elasticity (E-modulus),
were measured on compact tension (CT) specimens, used in opening mode | test according to the method ISO 13586.
[0150] The E-modulus was calculated following the method proposed by Saxena and Hudak (International Journal of
Fracture, 1978, vol. 14, p. 453 et seq.). A notch was machined into the specimen, and a sharp pre-crack was generated
by tapping a razor blade at the notch. The initial pre-crack length was estimated from the visible crack appearance at
both sides of the specimen. Tests were carried out using a universal testing machine model Zwick Z 2.5 kN under
controlled atmosphere conditions (23 °C and 50 % relative humidity) and a cross-head speed of 10 mm/min. A minimum
of four specimens of each epoxy formulation were tested.

[0151] On carbon fibre laminates, G| was measured according to Boeing Standard BSS 7273 (19 JAN 1994).

Glass transition temperature

[0152] Glass transition temperatures were measured by Dynamic Mechanical Thermal Analysis on cured resins using
an Ares LS 2K/2K FRT apparatus. Rectangular bars (1.4 x 4.0 x 45) mm3 were subjected to a temperature sweep from
30°C to 300°C at a 3 K/min heating ramp, a frequency of 0.1 Hz and a strain of 0.1 %. The temperatures at the maxima
of tan § versus temperature curves are reported as glass transition temperatures.

Morphology

[0153] Morphology of the toughened resin compositions was determined using optical microscopy (OM), scanning
electron microscopy (SEM) or transmission electron microscopy (TEM) and the results of these analyses are presented
in the tables below. Specimen cross sections were polished prior to optical microscopy analysis in reflection and SEM
investigation. Prior to SEM analysis, the polished specimens were treated with a super acid solution composed of
sulphuric acid, phosphoric acid and distilled water to reveal the morphology. A volume ratio of 10 mL to 4 mL to 1 mL
was used. The super acid solution, activated with 0.1 g of potassium permanganate for 10 mL, etched preferentially the
secondary phase developed in the resin systems (i.e. modifier-rich region). A treatment with this etching solution for
twenty minutes led to reproducible results. The specimens were then coated with a platinum film by means of a Polaron
SC7640 diode sputter coater and examined by means of a Hitachi S4500 Field Emission SEM and an associated PCI
digital image acquisition system.

[0154] Morphology of the toughened resin systems investigated with transmission electron microscopy (TEM) is illus-
trated by the micrographs in Figures 1 to 3. Ultrathin sections (about 50 nm thickness) of materials were prepared using
a Reichert Ultracut E ultramicrotome. The TEM apparatus was a Philips CM12 TEM and an associated Gatan digital
camera system.

[0155] Observed morphologies analysed were classified either as homogeneous or as phase-separated. Where phase-
separated, the morphology was classified as:

(i) macro-phase separation: the heterogeneity of the resin system is observable by eye. The resin is heterogeneous
at the macro-scale.

(i) coarse morphology: the resin is homogenous at the macro-scale, but a closer investigation by OM or SEM
displays heterogeneity at the micron-scale.

(iii) sub-micronic morphology: the resin is homogeneous at the macro-scale. A close investigation by SEM or
TEM displays a secondary phase of dimension greater than 100 nm and up to 1 pm.

(iv) nano-structure: the resin is homogeneous at the macro-scale. A close investigation by SEM or TEM displays
a secondary phase with at least one dimension not bigger than 100 nm. The most preferred morphology.

[0156] Sub-micronic and nano-structure morphologies were classified depending on their structure as either:
(a) co-continuous: to describe a secondary phase forming with the thermoset matrix two fully intricate continuous

phases (i.e. infinite clusters). The system could also be described as interpenetrated polymer networks (IPN).
(b) semi-continuous: to describe a secondary phase forming an interrupted continuous network (i.e. finite clusters)
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within a continuous thermoset matrix. The system could also be described as semi-interpenetrated polymer networks
(semi-IPN).

(c) particulate: to describe a morphology in which the secondary phase is distributed into particles. The particles
may be dispersed or aggregated forming a continuous network. A particulate morphology may also be described
as an "islands-in-the-sea" structure where the sea corresponds to the continuous resin matrix and the islands to the
particles.

[0157] Co-continuous morphologies tend to exhibit higher fracture toughness relative to particulate morphologies.
However, the particulate nano-structure morphologies of the resin systems of the present invention are particularly
attractive when solvent resistance is an important requirement for the resin. Thus, particulate nano-structure morphology
in the resin systems of the present invention significantly enhances the fracture toughness, albeit less so than co-
continuous nano-morphology, and provides a particularly advantageous combination of high fracture toughness and
good solvent resistance.

[0158] The cured thermoset resin compositions of the present invention preferably exhibit a dispersed secondary
phase of no more than 100nm, and preferably exhibit particulate nano-structure.

Viscosity

[0159] The evolution of the resin viscosity as a function of the temperature was analysed from 70°C to the gel point,
which is defined as the temperature reached experimentally when storage and loss modulus are equal (or in other words,
for tan delta equal to 1).

[0160] Experiments were run on an Ares LS 2K/2K FRT viscosimeter apparatus in parallel plate mode and Dynamic
Temperature Ramp Test method, complying with the following experimental conditions: 1 Hz frequency, 20 % strain
and 1 K/min heating ramp.

Solvent Resistance

[0161] Solvent resistance was assessed using methyl ethyl ketone (MEK; chromasolv grade (Aldrich)). Rectangular
bars of cured materials (of dimensions 45X 4 X 1.4mm) were dried at 70°C under vacuum for 48h before weighing (t=0)
and immersion in boiling MEK. The experiments were run in 500 mL three-necked round-bottom flasks, equipped with
a condenser and two glass stoppers. Thermo-stated oil baths (T = 120°C) brought the MEK to reflux (bp = 80°C). For
each material, at least 4 specimens were exposed to approximately aggressive treatment for about 7-8 hours per day
for a total of about 40-49 hours. The systems were allowed to cool down overnight. The solvent uptake of each specimen
was measured before any new exposure. The standard deviation on the weight measurement is about < 0.1%. For each
exposure time, the solvent uptake which equals (W-Wd)/Wd * 100 was calculated. W corresponds to the mass of the
specimen at a time t and Wd to the mass of the dry specimen (t = 0).

Materials

[0162] The following epoxy resins were used in the tests:
®Araldite PY306, a diglycidylether of bisphenol F (DGEBF) with a specific content of epoxide groups of from 5.99
mol/kg to 6.41 mol/kg (an "epoxy equivalent weight" of from 156 g/mol to 167 g/mol) from Huntsman Advanced
Materials,
®Araldite MY0510, a O,N,N-triglycidyl para-aminophenol (TGPAP) with a specific content of epoxide groups of from
9.35 mol/kg to 10.53 mol/kg (an "epoxy equivalent weight" of from 95 g/mol to 107 g/mol) from Huntsman Advanced
Materials,
®Araldite MY721, a N,N,N’,N’-tetraglycidyl diaminodiphenylmethane (TGDDM) with a specific content of epoxide
groups of from 8.70 mol/kg to 9.17 mol/kg, (an "epoxy equivalent weight" of from 109 g/mol to 115 g/mol) from
Huntsman Advanced Materials.

[0163] The curing agents were diamino diphenyl sulphones (DDS), utilised as two different isomers:

®Aradur 9664-1, a 4,4’-diamino diphenyl sulphone (Huntsman Advanced Materials),
®Aradur 9719-1, a 3,3’-diamino diphenyl sulphone (Huntsman Advanced Materials).
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[0164] The catalyst was a boron trifluoride ethylamine complex (BF ;.MEA, Aldrich; melting point of 85-89°C).
[0165] These materials are generally referred to hereinafter by their commercial grade designation for brevity. Com-
positions of the mixtures prepared are listed along with the test results in the tables below.

Example 7.1 - Low Temperature Curing Systems for Neat Resin Preparation

[0166] The masses of the various components used in the examples are shown in Table 3:

Table 3

mass fraction of toughening agent 20 % 10 % 5%

PY 306 29.30g | 32969 | 34.79¢g
MY 0510 28.16g | 31.68g | 3343¢g
toughening agent 20.00g | 10.00g | 5.00¢
3,3-DDS 22.02g | 24.789g | 26.16g
BF;. MEA 0.52¢g 0.58g 0.62g
Acetone 1.0mL | 1.0mL | 1.0mL

[0167] PY 306 and MY 0510 were mixed at 70°C for 30 minutes. The toughening agent was added to the epoxide
mixture and stirred in. The temperature was raised to 120°C to allow the toughening agent to fully dissolve after one
hour of mixing. The blend was then cooled down to 90°C before adding the curing agent, 3,3’-DDS. The curing agent
was dissolved under constant mixing at 90°C for 30 minutes. The blend was cooled further down to 75°C. An acetone
solution of BF3.MEA was then added to the blend, and mixed for a further 20 minutes. The formulated resins were cast
into a mould and degassed at 75°C for 3 hours and finally cured at 120°C for 3 further hours, and post-cured at 180°C
for 2 hours. The characterising data are presented in Table 4.1 below.

Table 4.1: Performances of Low Temperature Cure Resin Systems

mass

Ex. Modifier fraction Kic (MPasm®3) | GIC (Jsm™2) | T, (°C) morphology

(%)
71-1 PES-2 10 0.79 = 0.03 188 = 16 161 Homogeneous - TEM
71-2 PES-2 20 0.90 = 0.03 246 + 37 168 Co-continuous (mn) - TEM
71-3 M8 20 120004 | 504=28 | 173 | Semi-continuous (sub-micron)-
TEM
71-4 M1 20 130002 | 509+20 | 179 Particulate dispersion (sub-
micron) - TEM

71-5 M3 5 0.83 = 0.05 208 = 24 - Particulate dispersion (mn) - SEM
71-6 M3 20 1.54 = 0.08 723 £ 79 173 Semi-continuous (mn) - TEM
71-7 M5 20 1.74 = 0.08 922 + 80 176 Semi-continuous (mn) - TEM

[0168] Thus, PES-2 is soluble in the low temperature cure epoxy resin precursors, forming, after cure, either a ho-
mogenous phase or a co-continuous secondary phase at the nano-scale. M8 (the high molecular weight version of PES-
2) is soluble in the epoxy resin precursor and brings micro-structuration to the low temperature epoxy resin.

[0169] In example 7.1-5, a mass fraction of 5 wt % of modifier M3 leads to the formation of nano-particulate resin with
a fracture toughness of 0.83 + 0.05 MPa m0-5 and a glass transition temperature of 173°C, compared to Example 7.1-1,
with a mass fraction of 10 % of PES-2 which leads to a homogeneous blend with a fracture toughness of 0.79 = 0.03
MPa m0-5 and a glass transition temperature of 161°C.

[0170] In Example 7.1-7, a mass fraction of 20% of M5 in the modified epoxy resin leads to nano-scale morphology
and a K| increase of 35 % compared to Example 7.1-3, which has a mass fraction of 20% of M8 in the modified epoxy
resin and which exhibits only sub-micron morphology.
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Example 7.2 - High Temperature Curing Systems for Neat Resin Preparation

[0171] The masses of the various components used in the samples are shown in the table below:

mass fraction of toughening agent 30 % 20 % 10 % 2% 0 %

PY 306 25.80g | 29.50g | 33.20g | 36.10g | 36.869g
MY 0510 24809 | 28.30g | 31.90g | 34.70g | 3543¢g
toughening agent 30.00g | 20.00g | 10.00g | 2.00¢ 0.00 g
4,4-DDS 19.40 | 2220g | 24.90g | 27.20g | 27.71g

[0172] PY 306 and MY0510 were mixed at 70°C for 30 minutes. The toughening agent was then added to the epoxide
mixture and stirred in. The temperature was raised to 120°C to allow the toughening agent to fully dissolve after 1 hour
of mixing. 4,4’-DDS was then added to the blend and dissolved under constant vigorous mixing at 120°C for 30 minutes.
The formulated resins were cast into a mould and degassed at 85°C for 2 hours to three hours before curing at 180°C
for 3 hours. The characterising data are presented in Table 4.2 below.

Table 4.2: Performances of High Temperature Cure Resin Systems

mass K G
Ex. Modifier | fraction (MPajrc:\O-5) (Jor:ﬁz) T, (°C) morphology
(%)

7.21 none 0 0.52 70 206 Homogeneous

7.2-2 PES-2 20 0.73 = 0.08 162 = 36 198 Homogeneous

7.2-3 PES-3 30 0.84 = 0.02 200 192 Homogeneous

7.2-4 M8 20 0.82 +0.03 202 = 14 197(180) Co-continuous (nm); TEM
7.2-5 C1 2 - - - Macro-phase separation; OM
7.2-6 Cc2 10 - - - Coarse morphology; OM
7.2-7 C3 10 - - - Coarse morphology; OM
7.2-8 M2 20 0.97 = 0.05 288 = 17 210 Particles - dispersed (nm); TEM
7.2-9 M1 20 1.04 = 0.04 328 =23 202 Particles - dispersed (nm); TEM
7.2-10 M3 20 0.93 £ 0.08 263 = 33 208 Particles - dispersed (nm); TEM
72411 | M4 20 125+0.03 | 47336 | 211(190) Pamc'es'a‘ig::ga;e;v:” 3D-ribbon
7.2-12 M5 10 0.80 = 0.03 192 = 15 - Particles - dispersed (nm); TEM
7.2-13 M5 20 1.07 = 0.04 345 + 29 199 Particles - dispersed (nm); TEM
7214 | Me 20 1290007 | 507 =54 | 197 Pamc'es'aig::ga;?v:” 3D-ribbon
7.2-15 M7 10 0.88 + 0.07 236 = 40 204 -
7.2-16 M7 20 127 +0.06 | 488 + 48 200 Pamc'es'ag(g::ga;e;v:” 3D-ribbon

[0173] The control sample (Example 7.2-1) is a fragile epoxy resin with a fracture toughness K, of 0.52 MPa « m0-5
and a high glass transition temperature of 206 °C.

[0174] The fracture toughness of the resin is remarkably improved by addition of the modifier (toughening agent) of
the present invention by up to 148 %, while preserving the high glass transition temperature of the resin and bringing
nano-structuration.

[0175] When modified with a mass fraction of 30 % of PES-3 (Example 7.2-3), the high temperature cure epoxy resin
is significantly toughened (the K, values increases by 60%), although a significant drop in Tg is encountered (from
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206°C to 192°C). In comparison, the addition of a mass fraction of 20% of the block copolymers of the present invention
results in even higher K, values, while avoiding or minimising any reduction in Tg.

[0176] None of the modifiers of the comparative examples are compatible with the epoxy resin system, and they exhibit
phase separation in the resin and during its preparation.

[0177] Theresins produced in the examples were also analysed by TEM, as described hereinabove, and micrographs
are presented in Figures 1 to 3.

[0178] Figure 1 shows a TEM of Example 7.2-13 according to the present invention. The light circles are the "islands"
(phases) formed by the blocks of low Tg polymer (B), while the grey "sea" is the continuous phase of cured epoxy resin
in which the blocks of polymer (A) are soluble. The larger islands have a diameter of approximately from 30 to 70 nm,
while the smallest islands have a diameter of less than 20 nm.

[0179] Figure 2 shows a TEM of Example 7.2-14. The largest islands have a diameter of approximately 20 nm, while
the smallest islands have a diameter of approximately 5 nm. The islands are no longer isolated but arranged in three-
dimensional ribbons.

[0180] Figure 3 shows a TEM of Example 7.2-8. The very few large islands have a diameter of approximately 100 nm.
[0181] Some of the resins were also tested for solvent resistance. Figure 4 shows a graph which displays the solvent
uptake of Example 7.2.13 (particle dispersion) and Example 7.2.14 (particles aggregated in 3D-ribbon). The data dem-
onstrate the influence of the morphology on the fluid resistance of nano-structured epoxy resins, illustrating that while
co-continuous morphology (Ex. 7.2.14) leads to higher toughness, the solvent resistance of the epoxy resin is inferior
to the particle dispersion morphology (Ex. 7.2.13).

Example 7.3 - High Temperature Curing Systems for Carbon Fibre Prepreg, Composite Preparation and Testing

[0182] The resins used to prepare the films were mixed following the procedure described in example 7-2. They were
used to impregnate a unidirectional carbon fibre tape (besfight® G40-800, 8400 dtex, tensile strength 5.6 GPa, tensile
modulus 286 GPa, intermediate modulus type from Toho Tenax), using the dual filming technique. The mass fraction
of resin in the finished prepreg was 35 %. Following the preparation of the prepregs, unidirectional laminates were
prepared and tested for fracture toughness (G,c) using Boeing test method BSS 7273. The laminates were cured at 180
°C for 3 hours in an autoclave in vacuum bags and under a nitrogen blanket at a pressure of 720 kPa (90 psi pressure
above atmospheric pressure). The characterising data are presented in Table 4.3 below.

Table 4.3: Performance of high temperature curing systems for prepreg and composite preparation

- mass fraction of modifier G T
Ex. modifier (%) (J-r::‘:z) (Oé’) morphology
7.3-1 PES-3 30 315 194 Homogeneous; SEM
73-92 M6 20 455 206 Particles - aggregated in 3D-ribbon
(nm); SEM

[0183] The data in Table 4.3 demonstrate that the block copolymer toughening agents also enhance the properties
of carbon fibre composites. Compared to a resin which comprises a mass fraction of 30 % of PES polymer (Example
7.3-1), a mass fraction of just 20% of a block copolymer of the present invention increases the fracture toughness (G4¢)
of the laminate by 44%.

[0184] The uncured pre-pregs used to prepare Examples 7.3-1 and 7.3-2 were also tested for tack properties, as
described hereinabove. The dynamic viscosity of the resin used to prepare these examples was also tested, as described
hereinabove. The results are presented in Table 4.4. (The overall viscosity of the resin of Example 7.3-1 is higher than
the overall viscosity of the resin of Example 7.3-2 up to 90-95°C.)

Table 4.4: Tack properties and viscosity

Example | modifier | mass fraction of modifier (%) | Tackat0days | Tackat15days | rat70°C (Pa-s)
7.3-1 PES 3 30 Low Low 330
7.3-2 M6 20 High High 95

[0185] Just after manufacture of the prepreg (i.e. zero days), Example 7.3-2 is characterised by a high tack. Example
7.3-1 is characterised by a low tack. After 15 days of storage at room temperature (20°C and 50% relative humidity),
the same behaviours are observed. A high tack is measured for Example 7.3-2 while a low tack is assessed for Example
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7.3-1. The data demonstrate that not only does the block copolymer of the invention confer good tack properties to the
carbon fibre prepregs, it also promotes a good retention of the tack over time.

[0186] In addition, the low viscosity of the resin of Example 7.3-2 at low temperature favours an easy preparation and
better handling and lay-up of the prepreg.

Example 7.4 - High Glass Transition Temperature Epoxy Resins

[0187] MYO0510 (21.3 g), MY721 (40.4 g) and the toughening agent (20.00 g) were mixed at 120°C to allow the
toughening agent to fully dissolve after 1 hour of mixing. 4,4’-DDS (18.3 g) was then added to the blend and dissolved
under constant vigorous mixing at 120°C for 30 minutes. The formulated resins were cast into a mould and degassed
at 90°C for 2 to 3 hours before being cured at 180°C for 6 hours. The compositions of the mixtures (kind and mass
fraction of modifier) and the results are listed in Table 4.5 below.

Table 4.5: Sample Composition and Test Results

Ex. modifier | massfraction (%) | K¢ (MPam05) | G (Jsm2) Ty (°C) morphology
7.4-1 PES-3 20.0 0.63 = 0.02 160 = 23 240 (200) Homogeneous
7.4-2 M6 20.0 0.81 = 0.02 200 =10 | 240 (200) | Particulate dispersion (nm)

[0188] The data in Table 4.5 demonstrate that the advantages of the block copolymers of the present invention are
also observed in high glass transition temperature epoxy resins.

Claims

1. A curable polymer composition comprising a block copolymer (M) suitable for toughening a thermoset resin (R) and
one or more uncured thermoset resin precursor(s) (P) of said thermoset resin (R), said block copolymer (M) having
at least one block derived from a thermoplastic aromatic polymer (A) wherein an aromatic radical lies within the
polymer backbone of the thermoplastic aromatic polymer (A) and wherein the thermoplastic aromatic polymer (A)
exhibits a glass transition temperature (Tg) of at least 150°C, and at least one block derived from a low Tg polymer
(B) wherein:

(i) the low Tg polymer (B) exhibits a Tg in the range of from -130°C to +40 °C;

(i) the aromatic polymer (A) is soluble in the uncured thermoset resin precursor(s) (P),

(iii) the low Tg polymer (B) is insoluble in the uncured thermoset resin precursor (P), and wherein the aromatic
polymer (A) comprises one or more polyarylsulphone(s) comprising ether-linked repeating units, optionally
further comprising thioether-linked repeating units, the units being selected from:

-[ArSO,A(],-
and optionally from:

-[Ar]y-
wherein:

Ar is phenylene;

n =1 to 2 and can be fractional;

a =1 to 3 and can be fractional and when a exceeds 1, said phenylene groups are linked linearly through
a single chemical bond or a divalent group other than -SO,-, or are fused together,

provided that the repeating unit -[ArSO,Ar], - is always present in the polyarylsulphone in such a proportion
that on average at least two of said - [ArSO,Ar] - units are in sequence in each polymer chain present,
wherein the polyarylsulphone has one or more reactive pendant and/or end group(s) selected from OH and
NH,;

and wherein the aromatic polymer (A) is a polymer wherein the mass fraction of aromatic diradicals that
are linked together by the said linking groups in the polymer is at least 51 %;

and further wherein the low Tg polymer (B) is selected from saturated aliphatic polyesters derived from at
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least divalent linear, branched or cyclic aliphatic alcohols having from 2 to 60 carbon atoms, and at least
divalent linear, branched or cyclic aliphatic carboxylic acids having from 3 to 60 carbon atoms, with the
provisos that at least one of the alcohol or the acid components has at least 4 carbon atoms and if the
saturated aliphatic polyester is derived from more than one alcohol and/or more than one acid, the average
number of carbon atoms in the alcohol or acid component is at least 4.

A curable polymer composition according to claim 1 wherein the aromatic polymer (A) has a Tg of at least 160°C,
or in one embodiment at least 180°C.

A curable polymer composition according to claim 1 or 2 wherein the polyarylsulphone comprises a combination of

-[ArSO,Ar],,- and -[Ar],- repeating units, linked by ether and/or thio-ether linkages, and in one embodiment by ether

linkages.

A curable polymer composition according to claim 1, 2 or 3 wherein the repeating units in the polyarylsulphones are:
(0:

-X-Ar-SO,-Ar-X-Ar-SO,-Ar-

and

(1):
-X-(Ar);-X-Ar-SO,-Ar-
wherein:

Xis O or S, and in one embodiment O, and may differ from unit to unit; and the ratio of units | : Il is in the
range of from 10:90 to 80:20.

A curable polymer composition according to any preceding claim wherein at least one, and in one embodiment both,
of the aliphatic alcohol component and the aliphatic acid component, have from 20 to 60 carbon atoms.

A curable polymer composition according to any preceding claim wherein the polyester is derived from aliphatic
dicarboxylic acids and aliphatic dihydric alcohols.

A curable polymer composition according to any preceding claim wherein the diacids are selected from dimer fatty
acids having from 12 to 48 carbon atoms; and/or the alcohols are selected from dihydric alcohols having from 2 to

6 carbon atoms.

A curable polymer composition according to any of claims 1 to 6 wherein the saturated aliphatic polyester is derived
from dimer alcohols having from 12 to 48 carbon atoms and diacids having from 2 to 6 carbon atoms.

A curable polymer composition according to any preceding claim wherein polymer (B) is functionalised with hydroxyl
and/or amino groups, and in one embodiment with hydroxyl groups.

A curable polymer composition according to any preceding claim wherein said low Tg polymer (B) is selected from
saturated aliphatic polyesters derived from at least divalent branched or cyclic aliphatic alcohols having from 2 to
60 carbon atoms, and at least divalent branched or cyclic aliphatic carboxylic acids having from 3 to 60 carbon
atoms, with the proviso that at least one of the alcohol or the acid components has at least 4 carbon atoms.

A curable polymer composition according to any preceding claim wherein the block copolymer (M) comprises:

(i) the aromatic polymer (A) in a mass fraction w(A) of from 5% to 99%, and correspondingly,
(ii) the low Tg polymer (B) in a mass fraction w(B) of from 95% to 1%, wherein w(A) and w(B) are calculated as

w(A) = m(A)/m(M)
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w(B) = m(B)/m(M)
wherein

m(A) is the mass of the aromatic polymer A;
m(B) is the mass of the low Tg polymer B; and
m(M) is the mass of the block copolymer M.

A curable polymer composition according to claim 11, wherein w(A)>w(B), and in one embodiment wherein w(A)
is from 60 to 80% and w(B) is from 40 to 20%.

A curable polymer composition according to any preceding claim wherein the number average molar mass M,, of
the aromatic polymer (A) is in the range from 2,000 to 60,000, and in one embodiment from 3,000 to 10,000 g/mol;
and/or wherein the number average molar mass M,, of the of the low Tg polymer (B) is in the range of from 1,000
to 30,000 g/mol; and/or wherein the number average molar mass M,, of the block copolymer is in the range of from
3,000 to 150,000 g/mol, and in one embodiment from 9,000 to 30,000 g/mol.

A curable polymer composition according to any preceding claim prepared by chemically linking the segments of
the aromatic polymer (A) and the low Tg polymer (B), wherein said segments are functionalised to facilitate reaction
between the segments using a difunctional or linking reagent, wherein said polymers (A) and (B) are functionalised
with hydroxyl and/or amino groups, and wherein difunctional or linking reagents are selected from acid dichlorides,
acid anhydrides and carbodiimides, and preferably wherein the block copolymer is prepared by a process either
wherein an amino-functional aromatic polymer (A) is mixed with a low Tg polymer (B), and the mixture then added
to a solution of the difunctional reagent, or wherein an hydroxyl-functional low Tg polymer (B) is first reacted with
an excess of the difunctional reagent, before an hydroxyl-functional, or preferably amino-functional, aromatic polymer
(A) is added.

A curable polymer composition as defined in any of claims 1 to 14, further comprising a curing agent for the one or
more uncured thermoset resin precursor(s) (P).

Atoughened thermoset resin composition (R) derived from the curable polymer composition defined in any of claims
1 to 14, and optionally a curing agent for the one or more uncured thermoset resin precursor(s) (P).

The composition of claims 15 or 16 wherein the precursor(s) (P) are selected from one or more epoxy resin precur-
sor(s); preferably wherein said epoxy resin precursors have at least two epoxide groups per molecule; preferably
wherein said epoxy resin precursors are selected from the mono- or poly-glycidyl derivative of one or more of the
group of compounds consisting of aromatic diamines, aromatic monoprimary amines, aminophenols, polyhydric
phenols, polyhydric alcohols, polycarboxylic acids and the like, or a mixture thereof; and preferably wherein said
epoxy resin precursors are selected from:

(i) glycidyl ethers of bisphenol A, bisphenol F, dihydroxydiphenyl sulphone, dihydroxybenzophenone, and di-
hydroxy diphenyl;

(ii) epoxy resins based on Novolacs; and

(iii) glycidyl functional reaction products of m- or p-aminophenol, m- or p-phenylene diamine, 2,4-, 2,6- or 3,4-
toluylene diamine, 3,3’- or 4,4’-diaminodiphenyl methane, and blends thereof;

and more preferably wherein said epoxy resin precursors are selected from the diglycidyl ether of bisphenol A
(DGEBA); the diglycidyl ether of bisphenol F (DGEBF); O,N,N-triglycidyl-para-aminophenol (TGPAP); O,N,N-trig-
lycidyl-meta-aminophenol (TGMAP); and N,N,N’,N’-tetraglycidyldiaminodiphenyl methane (TGDDM); and blends
thereof.

The composition of any of claims 15 to 17 wherein the amount of block copolymer (M) is such that the mass fraction
w(M) is from 0.5% to 40%, wherein:

wM) = m(M)/m,
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where m(M) is the mass of the block copolymer present in a toughened thermoset resin composition having the
mass m, and preferably wherein curing agent is present at about 5-60% by weight of the total combined weight of
the thermoset resin precursor(s) plus curing agent in the composition.

A composite material comprising, or derivable from, the thermoset resin compositions or curable polymer composition
as defined in any of claims 15 to 18, preferably wherein said composite material further comprises carbon fibre
reinforcing agent.

20. The use of a thermoplastic aromatic polymer (A) having a glass transition temperature (Tg) of at least 150°C as a
compatibiliser for a low Tg polymer (B) in a thermoset resin (R), wherein:

(i) said thermoplastic aromatic polymer block (A) and said low Tg polymer (B) are in the form of a block copolymer
(M) having at least one block derived from said thermoplastic aromatic polymer (A), and at least one block
derived from said low Tg polymer (B);
(i) said block copolymer (M) is a toughening agent for said thermoset resin (R),
(iii)the low Tg polymer (B) exhibits a Tg in the range of from -130°C to +40 °C;
(iv)the aromatic polymer (A) is soluble in the uncured thermoset resin precursor(s) (P) of said thermoset resin
(R), and
(v) the low Tg polymer (B) is insoluble in the uncured thermoset resin precursor (P), wherein said aromatic
polymer (A) and said low Tg copolymer (B) are as defined in any of claims 1 to 14.

Patentanspriiche

1. Hartbare Polymerzusammensetzung, umfassend ein Blockcopolymer (M), das zur Schlagzdhmodifizierung eines

Duroplastharzes (R) geeignet ist, und einen oder mehrere ungehértete Duroplastharz-Vorlaufer (P) des Duroplast-
harzes (R), wobei das Blockcopolymer (M) mindestens einen Block, der sich von einem thermoplastischen aroma-
tischen Polymer (A) ableitet, wobei ein aromatischer Rest in der Polymerhauptkette des thermoplastischen aroma-
tischen Polymers (A) liegt und wobei das thermoplastische aromatische Polymer (A) eine Glasiibergangstemperatur
(Tg) von mindestens 150°C aufweist, und mindestens einen Block, der sich von einem eine niedrige Tg aufweisenden
Polymer (B) ableitet, aufweist, wobei:

(i) das eine niedrige Tg aufweisende Polymer (B) eine Tg im Bereich von -130°C bis + 40°C aufweist;
(ii) das aromatische Polymer (A) in dem bzw. den ungeharteten Duroplastharz-Vorlaufern (P) I8slich ist,
(i) das eine niedrige Tg aufweisende Polymer (B) in dem ungeharteten Duroplastharz-Vorlaufer (P) unléslich ist,

und wobei das aromatische Polymer (A) ein oder mehrere Polyarylsulfone, die etherverkniipfte Wiederholungsein-
heiten und gegebenenfalls ferner thioetherverkniipfte Wiederholungseinheiten umfassen, umfasst, wobei die Ein-
heiten aus:

-[ArSOLAT], -
und gegebenenfalls aus:

-[Ar],-
ausgewahlt sind, wobei:

Ar fur Phenylen steht;

n =1 bis 2 und eine Bruchzahl sein kann;

a = 1 bis 3 und eine Bruchzahl sein kann und dann, wenn a gréRer als 1 ist, die Phenylengruppen Uber eine
einzige chemische Bindung oder eine von -SO,- verschiedene zweiwertige Gruppe linear verkn(pft oder mit-
einander kondensiert sind,

mit der Maltgabe, dass die Wiederholungseinheit -[ArSO,Ar],- in dem Polyarylsulfon immer in einem solchen
Anteil vorliegt, dass in jeder vorliegenden Polymerkette durchschnittlich mindestens zwei der -[ArSO,Ar],-Ein-
heiten nacheinander vorliegen,

wobei das Polyarylsulfon eine oder mehrere reaktive Seiten- und/oder Endgruppen, die aus OH und NH, aus-
gewahlt sind, umfasst;
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und wobei es sich bei dem aromatischen Polymer (A) um ein Polymer handelt, bei dem der Massenanteil
aromatischer zweiwertiger Reste, die durch die Verkniipfungsgruppen in dem Polymer miteinander verknipft
sind, mindestens 51% betragt;

und wobei ferner das eine niedrige Tg aufweisende Polymer (B) aus gesattigten aliphatischen Polyestern, die
sich von mindestens zweiwertigen linearen, verzweigten oder cyclischen aliphatischen Alkoholen mit 2 bis 60
Kohlenstoffatomen und mindestens zweiwertigen linearen, verzweigten oder cyclischen aliphatischen Carbon-
sauren mit 3 bis 60 Kohlenstoffatomen ableiten, ausgewahlt ist, mit den MalRgaben, dass die Alkohol- und/oder
die Sdurekomponente mindestens 4 Kohlenstoffatome aufweisen und dann, wenn sich der gesattigte aliphati-
sche Polyester von mehr als einem Alkohol und/oder mehr als einer Saure ableitet, die durchschnittliche Zahl
von Kohlenstoffatomen in der Alkohol- oder Sdurekomponente mindestens 4 betragt.

Hartbare Polymerzusammensetzung nach Anspruch 1, wobei das aromatische Polymer (A) eine Tg von mindestens
160°C oder in einer Ausflihrungsform mindestens 180°C aufweist.

Hartbare Polymerzusammensetzung nach Anspruch 1 oder 2, wobei das Polyarylsulfon eine Kombination von
-[ArSO,Ar],- und -[Ar],-Wiederholungseinheiten, die durch Ether- und/oder Thioetherbindungen und in einer Aus-
fuhrungsform durch Etherbindungen verknipft sind, umfasst.

Hartbare Polymerzusammensetzung nach Anspruch 1, 2 oder 3, wobei es sich bei den Wiederholungseinheiten in
den Polyarylsulfonen um:

():
-X-Ar-SO,-Ar-X-Ar-SO,-Ar-

und

(I):
-X-(Ar);-X-Ar-SO,-Ar-
handelt, wobei:

Xfir O oder S, und in einer Ausfiihrungsform O, steht und von Einheit zu Einheit verschieden sein kann und
das Verhéltnis von Einheiten I:1l im Bereich von 10:90 bis 80:20 liegt.

Hartbare Polymerzusammensetzung nach einem der vorhergehenden Anspriiche, wobei die aliphatische Alkohol-
komponente und/oder die aliphatische Saurekomponente und in einer Ausfiihrungsform sowohl die aliphatische
Alkoholkomponente als auch die aliphatische Sdurekomponente 20 bis 60 Kohlenstoffatome aufweisen.

Hartbare Polymerzusammensetzung nach einem der vorhergehenden Anspriiche, wobei sich der Polyester von
aliphatischen Dicarbonsduren und aliphatischen zweiwertigen Alkoholen ableitet.

Hartbare Polymerzusammensetzung nach einem der vorhergehenden Anspriiche, wobei die Disduren aus Dimer-
fettsduren mit 12 bis 48 Kohlenstoffatomen ausgewahlt sind und/oder die Alkohole aus zweiwertigen Alkoholen mit
2 bis 6 Kohlenstoffatomen ausgewahilt sind.

Hartbare Polymerzusammensetzung nach einem der Anspriiche 1 bis 6, wobei sich der gesattigte aliphatische
Polyester von Dimeralkoholen mit 12 bis 48 Kohlenstoffatomen und Disauren mit 2 bis 6 Kohlenstoffatomen ableitet.

Hartbare Polymerzusammensetzung nach einem der vorhergehenden Anspriiche, wobei das Polymer (B) mit Hy-
droxyl- und/oder Aminogruppen und in einer Ausfihrungsform mit Hydroxylgruppen funktionalisiert ist.

Hartbare Polymerzusammensetzung nach einem der vorhergehenden Anspriiche, wobei das eine niedrige Tg auf-
weisende Polymer (B) aus gesattigten aliphatischen Polyestern, die sich von mindestens zweiwertigen verzweigten
oder cyclischen aliphatischen Alkoholen mit 2 bis 60 Kohlenstoffatomen und mindestens zweiwertigen verzweigten
oder cyclischen aliphatischen Carbonsauren mit 3 bis 60 Kohlenstoffatomen ableiten, ausgewahlt ist, mit der
MaRgabe, dass die Alkohol- und/oder die Sdurekomponente mindestens 4 Kohlenstoffatome aufweisen.
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Hartbare Polymerzusammensetzung nach einem der vorhergehenden Anspriiche, wobei das Blockcopolymer (M)
Folgendes umfasst:

(i) das aromatische Polymer (A) in einem Massenanteil w(A) von 5% bis 99%

und entsprechend

(i) das eine niedrige Tg aufweisende Polymer (B) in einem Massenanteil w(B) von 95% bis 1%,
wobei w(A) und w(B) als

=
=z
Il

m(A) /m(M)

S
vy,
Il

m(B) /m (M)

berechnet werden, wobei

m(A) die Masse des aromatischen Polymers A ist;
m(B) die Masse des eine niedrige Tg aufweisenden Polymers B ist und
m(M) die Masse des Blockcopolymers M ist.

Hartbare Polymerzusammensetzung nach Anspruch 11, wobei w(A) > w(B) und in einer Ausfiihrungsform w(A) 60
bis 80% betragt und w(B) 40 bis 20% betragt.

Hartbare Polymerzusammensetzung nach einem der vorhergehenden Anspriiche, wobei die zahlenmittlere Mol-
masse M,, des aromatischen Polymers (A) im Bereich von 2000 bis 60.000 g/mol und in einer Ausfiihrungsform von
3000 bis 10.000 g/mol liegt und/oder wobei die zahlenmittlere Molmasse M,, des eine niedrige Tg aufweisenden
Polymers (B) im Bereich von 1000 bis 30.000 g/mol liegt und/oder wobei die zahlenmittlere Molmasse M,, des
Blockcopolymers im Bereich von 3000 bis 150.000 g/mol und in einer Ausfihrungsform von 9000 bis 30.000 g/mol
liegt.

Hartbare Polymerzusammensetzung nach einem der vorhergehenden Anspriiche, hergestellt durch chemische
Verknipfung der Segmente des aromatischen Polymers (A) und des eine niedrige Tg aufweisenden Polymers (B),
wobei die Segmente zur Erleichterung der Reaktion zwischen den Segmenten mit einem difunktionellen Reagens
oder Verknupfungsreagens funktionalisiert sind, wobei die Polymere (A) und (B) mit Hydroxyl- und/oder Aminogrup-
pen funktionalisiert sind und wobei die difunktionellen Reagentien oder Verknipfungsreagentien aus Sauredichlo-
riden, Sdureanhydriden und Carbodiimiden ausgewahlt sind, und vorzugsweise wobei das Blockcopolymer durch
ein Verfahren hergestellt wird, bei dem man entweder ein aminofunktionelles aromatisches Polymer (A) mit einem
eine niedrige Tg aufweisenden Polymer (B) mischt und die Mischung dann zu einer Lésung des difunktionellen
Reagens gibt oder ein hydroxylfunktionelles eine niedrige Tg aufweisendes Polymer (B) zunachst mit einem Uber-
schuss des difunktionellen Reagens umsetzt und dann ein hydroxylfunktionelles oder vorzugsweise aminofunktio-
nelles aromatisches Polymer (A) zugibt.

Hartbare Polymerzusammensetzung gemaf einem der Anspriiche 1 bis 14, ferner umfassend ein Hartungsmittel
fur den einen bzw. die mehreren ungehéarteten Duroplastharz-Vorlaufer (P).

Schlagzah modifizierte Duroplastharzzusammensetzung (R), die sich von der hartbaren Polymerzusammensetzung
gemal einem der Anspriiche 1 bis 14 und gegebenenfalls einem Hartungsmittel fiir den einen bzw. die mehreren
ungeharteten Duroplastharz-Vorlaufer (P) ableitet.

Zusammensetzung nach Anspruch 15 oder 16, wobei der bzw. die Vorlaufer (P) aus einem oder mehreren Epoxid-
harz-Vorldufern ausgewahlt sind; wobei die Epoxidharz-Vorldufer vorzugsweise mindestens zwei Epoxidgruppen
pro Molekil aufweisen; wobei die Epoxidharz-Vorlaufer vorzugsweise aus dem Mono- oder Polyglycidylderivat einer
oder mehrerer Verbindungen aus der Gruppe bestehend aus aromatischen Diaminen, aromatischen monoprimaren
Aminen, Aminophenolen, mehrwertigen Phenolen, mehrwertigen Alkoholen, Polycarbonsduren und dergleichen
oder einer Mischung davon ausgewahlt sind; und wobei vorzugsweise die Epoxidharz-Vorlaufer aus:

(i) Glycidylethern von Bisphenol A, Bisphenol F, Dihydroxydiphenylsulfon, Dihydroxybenzophenon und Dihy-
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droxydiphenyl;

(ii) Epoxidharzen auf Basis von Novolaken und

(iii) glycidylfunktionellen Reaktionsprodukten von m- oder p-Aminophenol, m- oder p-Phenylendiamin, 2,4-, 2,6-
oder 3,4-Toluylendiamin, 3,3’- oder 4,4’-Diaminodiphenylmethan und Mischungen davon ausgewahlt sind;

und wobei weiter bevorzugt die Epoxidharz-Vorlaufer aus dem Diglycidylether von Bisphenol A (DGEBA); dem
Diglycidylether von Bisphenol F (DGEBF); O,N,N-Triglycidyl-para-aminophenol (TGPAP); O,N,N-Triglycidyl-meta-
aminophenol (TGMAP) und N,N,N’,N’-Tetraglycidyldiamino-diphenylmethan (TGDDM) und Mischungen davon aus-
gewahlt sind.

Zusammensetzung nach einem der Anspriiche 15 bis 17, wobei die Menge von Blockcopolymer (M) so beschaffen
ist, dass der Massenanteil w(M) 0,5% bis 40% betragt, wobei:

w(M) = m(M)/m,

wobei m(M) die Masse des in einer schlagzdh modifizierten Duroplastharzzusammensetzung mit der Masse m
vorliegenden Blockcopolymers ist und vorzugsweise Hartungsmittel in einer Menge von etwa 5-60 Gew.-% des
gesamten kombinierten Gewichts des bzw. der Duroplastharz-Vorlaufer plus Hartungsmittel in der Zusammenset-
zung vorliegt.

Verbundwerkstoff, der die Duroplastharzzusammensetzung oder hartbare Polymerzusammensetzung gemaR ei-
nem der Anspriiche 15 bis 18 umfasst oder sich davon ableitet, wobei der Verbundwerkstoff vorzugsweise ferner
Kohlefaser-Verstarkungsmittel umfasst.

Verwendung eines thermoplastischen aromatischen Polymers (A) mit einer Glasibergangstemperatur (Tg) von
mindestens 150°C als Vertraglichkeitsvermittler fir ein eine niedrige Tg aufweisende Polymer (B) in einem Duro-
plastharz (R), wobei:

(i) der Block aus thermoplastischem aromatischem Polymer (A) und das eine niedrige Tg aufweisende Polymer
(B) in Form eines Blockcopolymers (M), das mindestens einen Block, der sich von dem thermoplastischen
aromatischen Polymer (A) ableitet, und mindestens einen Block, der sich von dem eine niedrige Tg aufweisenden
Polymer (B) ableitet, aufweist, vorliegt;

(i) es sich bei dem Blockcopolymer (M) um einen Schlagzahigkeitsverbesserer fiir das Duroplastharz (R) han-
delt;

(iii) das eine niedrige Tg aufweisende Polymer (B) eine Tg im Bereich von -130°C bis + 40°C aufweist;

(iv) das aromatische Polymer (A) in dem bzw. den ungehérteten Duroplast-Vorldufern (P) des Duroplastharzes
(R) 16slich ist und

(v) das eine niedrige Tg aufweisende Polymer (B) in dem ungehéarteten Duroplastharz-Vorlaufer (P) unléslich ist,

wobei das aromatische Polymer (A) und das eine niedrige Tg aufweisende Copolymer (B) wie in einem der Anspriiche
1 bis 14 definiert sind.

Revendications

Composition polymére durcissable comprenant un copolymére a blocs (M) approprié pour renforcer une résine
thermodurcie (R) et un ou plusieurs précurseurs de résine thermodurcie non durcis (P) de ladite résine thermodurcie
(R), ledit copolymeére a blocs (M) ayant au moins un bloc dérivé d’un polymere aromatique thermoplastique (A), un
radical aromatique se trouvant a l'intérieur du squelette polymeére du polymere aromatique thermoplastique (A) et
le polymére aromatique thermoplastique (A) présentant une température de transition vitreuse (Tg) d’au moins 150
°C, et au moins un bloc dérivé d’'un polymeére a faible Tg (B), dans laquelle :

(i) le polymeére a faible Tg (B) présente une Tg dans la gamme de -130 °C a +40 °C ;

(i) le polymere aromatique (A) est soluble dans le ou les précurseurs de résine thermodurcie non durcis (P) ;
(iii) le polymére a faible Tg (B) est insoluble dans le précurseur de résine thermodurcie non durci (P),

27



EP 2739 672 B1

et dans laquelle le polymére aromatique (A) comprend une ou plusieurs polyarylsulfones comprenant des motifs
répétitifs liés par des liaisons éther, éventuellement comprenant également des motifs répétitifs liés par des liaisons
thioéther, les motifs étant choisis parmi :

-[ArSOLAT], -
et éventuellement parmi :
[Ar],-
dans lesquels :

Ar est un phényléne ;

n =1 a2 et peut étre fractionnaire ;

a =1 a 3 et peut étre fractionnaire et quand a dépasse 1, lesdits groupes phényléne sont liés linéairement par
une seule liaison chimique ou un groupe divalent différent de -SO,-, ou sont fusionnés,

a condition que le motif répétitif -[ArSO,Ar], - soit toujours présent dans la polyarylsulfone dans une proportion
telle qu’en moyenne au moins deux desdits motifs -[ArSO,Ar],- se suivent dans chaque chaine polymere
présente,

dans laquelle la polyarylsulfone a un ou plusieurs groupes réactifs latéraux et/ou terminaux choisis parmi OH
et NH, ;

et dans laquelle le polymeére aromatique (A) est un polymeére dans lequel la fraction massique de diradicaux
aromatiques qui sont liés par lesdits groupes de liaison dans le polymeére est d’au moins 51 % ;

et également dans laquelle le polymére a faible Tg (B) est choisi parmi les polyesters aliphatiques saturés
dérivés d’'alcools aliphatiques linéaires, ramifiés ou cycliques au moins divalents ayant de 2 a 60 atomes de
carbone, et d’acides carboxyliques aliphatiques linéaires, ramifiés ou cycliques au moins divalents ayant de 3
a 60 atomes de carbone, aux conditions qu’au moins un des composants alcooliques ou acides ait au moins
4 atomes de carbone et si le polyester aliphatique saturé est dérivé de plus d’un alcool et/ou plus d’un acide,
le nombre moyen d’atomes de carbone dans le composant alcoolique ou acide soit d’au moins 4.

2. Composition polymere durcissable selon la revendication 1 dans laquelle le polymeére aromatique (A) a une Tg d’au
moins 160 °C, ou dans un mode de réalisation au moins 180 °C.

3. Composition polymeére durcissable selon la revendication 1 ou 2 dans laquelle la polyarylsulfone comprend une
combinaison de motifs répétitifs-[ArSO,Ar]- et -[Ar],-, liés par des liaisons éther et/ou thioéther, et dans un mode

de réalisation par des liaisons éther.

4. Composition polymere durcissable selon la revendication 1, 2 ou 3 dans laquelle les motifs répétitifs dans les
polyarylsulfones sont :

(n:
-X-Ar-SO,-Ar-X-Ar-SO,-Ar-

et

(I :
-X-(Ar) ;-X-Ar-SO,-Ar-
dans lesquels :

X est O ou S, et dans un mode de réalisation O, et peut différer d’'une unité a l'autre ; et
le rapport d’unités | : Il se situe dans la gamme de 10:90 a 80:20.

5. Composition polymeére durcissable selon une quelconque revendication précédente dans laquelle le composant

alcoolique aliphatique et/ou le composant acide aliphatique, et dans un mode de réalisation les deux, ont de 20 a
60 atomes de carbone.
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Composition polymeére durcissable selon une quelconque revendication précédente dans laquelle le polyester est
dérivé d’acides dicarboxyliques aliphatiques et de diols aliphatiques.

Composition polymeére durcissable selon une quelconque revendication précédente dans laquelle les diacides sont
choisis parmi les acides gras diméres ayant de 12 a 48 atomes de carbone ; et/ou les alcools sont choisis parmi
les diols ayant de 2 a 6 atomes de carbone.

Composition polymére durcissable selon I'une quelconque des revendications 1 a 6 dans laquelle le polyester
aliphatique saturé est dérivé d’alcools diméres ayant de 12 a 48 atomes de carbone et de diacides ayantde 2 a 6
atomes de carbone.

Composition polymeére durcissable selon une quelconque revendication précédente dans laquelle le polymeére (B)
est fonctionnalisé avec des groupes hydroxyle et/ou amino, et dans un mode de réalisation avec des groupes
hydroxyle.

Composition polymeére durcissable selon une quelconque revendication précédente dans laquelle ledit polymere a
faible Tg (B) est choisi parmi les polyesters aliphatiques saturés dérivés d’alcools aliphatiques ramifiés ou cycliques
au moins divalents ayant de 2 a 60 atomes de carbone, et d’acides carboxyliques aliphatiques ramifiés ou cycliques
au moins divalents ayant de 3 a 60 atomes de carbone, a condition qu’au moins un des composants alcooliques
ou acides ait au moins 4 atomes de carbone.

Composition polymére durcissable selon une quelconque revendication précédente dans laquelle le copolymeére a
blocs (M) comprend :

(i) le polymére aromatique (A) dans une fraction massique w(A) de 5 % a 99 %,
et respectivement,

(ii) le polymére a faible Tg (B) dans une fraction massique w(B) de 95 % a 1 %,
dans laquelle w(A) et w(B) sont calculées comme

T
2
Il

m(A) /m(M)

g
vy,
Il

m(B) /m(M)
ou

m(A) est la masse du polymére aromatique A ;
m(B) est la masse du polymeére a faible Tg B ; et
m(M) est la masse du copolymére a blocs M.

Composition polymére durcissable selon la revendication 11, dans laquelle w(A) > w(B), et dans un mode de
réalisation dans laquelle w(A) est de 60 a 80 % et w(B) est de 40 a 20 %.

Composition polymere durcissable selon une quelconque revendication précédente dans laquelle la masse molaire
moyenne en nombre M,, du polymére aromatique (A) se situe dans la gamme de 2000 a 60 000, et dans un mode
de réalisation de 3000 & 10 000 g/mol ; et/ou dans laquelle la masse molaire moyenne en nombre M,, du polymére
a faible Tg (B) se situe dans la gamme de 1000 & 30 000 g/mol ; et/ou dans laquelle la masse molaire moyenne en
nombre M,, du copolymére & blocs se situe dans la gamme de 3000 a 150 000 g/mol, et dans un mode de réalisation
de 9000 a 30 000 g/mol.

Composition polymére durcissable selon une quelconque revendication précédente préparée en liant chimiquement
les segments du polymere aromatique (A) et du polymeére a faible Tg (B), lesdits segments étant fonctionnalisés
pour faciliter la réaction entre les segments en utilisant un réactif difonctionnel ou de liaison, lesdits polymeéres (A)
et (B) étant fonctionnalisés avec des groupes hydroxyle et/ou amino, et les réactifs difonctionnels ou de liaison étant
choisis parmi les dichlorures d’acide, les anhydrides d’acide et les carbodiimides, et de préférence le copolymére
a blocs étant préparé par un procédé soit dans lequel un polymere aromatique aminofonctionnel (A) est mélangé
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avec un polymeére a faible Tg (B), puis le mélange ajouté a une solution du réactif difonctionnel, soit dans lequel un
polymeére a faible Tg hydroxyfonctionnel (B) est d’abord mis a réagir avec un excés du réactif difonctionnel, avant
qu’un polymeére aromatique hydroxyfonctionnel, ou de préférence aminofonctionnel (A) soit ajouté.

Composition polymeére durcissable telle que définie dans I'une quelconque des revendications 1 a 14, comprenant
en outre un durcisseur pour le ou les précurseurs de résine thermodurcie non durcis (P).

Composition de résine thermodurcie renforcée (R) dérivée de la composition polymére durcissable définie dans
'une quelconque des revendications 1 a 14, et éventuellement d’un durcisseur pour le ou les précurseurs de résine
thermodurcie non durcis (P).

Composition selon la revendication 15 ou 16 dans laquelle le ou les précurseurs (P) sont choisis parmi un ou
plusieurs précurseurs de résine époxy ; de préférence dans laquelle lesdits précurseurs de résine époxy ont au
moins deux groupes époxyde par molécule ; de préférence dans laquelle lesdits précurseurs de résine époxy sont
choisis parmi les dérivés mono- ou poly-glycidyliques d’un ou plusieurs éléments du groupe de composés constitué
parles diamines aromatiques, les monoamines primaires aromatiques, les aminophénols, les phénols polyhydriques,
les polyols, les acides polycarboxyliques et leurs équivalents, ou un mélange de ceux-ci ; et de préférence dans
laquelle lesdits précurseurs de résine époxy sont choisis parmi :

(i) les éthers glycidyliques de bisphénol A, bisphénol F, dihydroxydiphénylsulfone, dihydroxy- benzophénone,
et dihydroxydiphényle ;

(ii) les résines époxy basées sur des novolaques ; et

(iii) les produits de réaction a fonction glycidyle de m- ou p-aminophénol, m- ou p-phénylénediamine, 2,4-, 2,6-
ou 3,4-toluylenediamine, 3,3’- ou 4,4’-diaminodiphénylméthane, et les mélanges de ceux-ci ;

et mieux encore dans laquelle lesdits précurseurs de résine époxy sont choisis parmi I'éther diglycidylique de
bisphénol A (DGEBA) ; I'éther diglycidylique de bisphénol F (DGEBF), I'O,N,N-triglycidyl-para-aminophénol
(TGPAP) ; I'0O,N,N-triglycidyl-méta-aminophénol (TGMAP) ; et le N,N,N’,N’-tétraglycidyldiaminodiphénylméthane
(TGDDM) ; et les mélanges de ceux-ci.

Composition selon I'une quelconque des revendications 15 a 17 dans laquelle la quantité de copolymere a blocs
(M) est telle que la fraction massique w(M) est de 0,5 % a 40 %, dans laquelle :

w(M) = m(M)/m,

ou m(M) est la masse du copolymére a blocs présent dans une composition de résine thermodurcie renforcée ayant
la masse m, et de préférence dans laquelle un durcisseur est présent a environ 5-60 % en poids du poids total
combiné du ou des précurseurs de résine thermodurcie et du durcisseur dans la composition.

Matériau composite comprenant ou pouvant étre obtenu a partir des compositions de résine thermodurcie ou de la
composition polymére durcissable telles que définies dans I'une quelconque des revendications 15 a 18, ledit
matériau composite comprenant de préférence également un agent de renforcement a fibres de carbone.

Utilisation d’un polymére aromatique thermoplastique (A) ayant une température de transition vitreuse (Tg) d’au
moins 150 °C comme agent de compatibilité pour un polymere a faible Tg (B) dans une résine thermodurcie (R),
dans laquelle :

(i) ledit bloc de polymére aromatique thermoplastique (A) et ledit polymere a faible Tg (B) se présentent sous
la forme d’un copolymére a blocs (M) ayant au moins un bloc dérivé dudit polymére aromatique thermoplastique
(A), et au moins un bloc dérivé dudit polymeére a faible Tg (B) ;

(ii) ledit copolymere a blocs (M) est un agent de renforcement pour ladite résine thermodurcie (R) ;

(iii) le polymére a faible Tg (B) présente une Tg dans la gamme de -130 °C a +40 °C;

(iv) le polymeére aromatique (A) est soluble dans le ou les précurseurs de résine thermodurcie non durcis (P)
de ladite résine thermodurcie (R) ; et

(v) le polymeére a faible Tg (B) est insoluble dans le précurseur de résine thermodurcie non durci (P),
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dans laquelle ledit polymére aromatique (A) et ledit copolymére a faible Tg (B) sont tels que définis dans l'une

quelconque des revendications 1 a 14.
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